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ABSTRACT OF THESIS 
 
 
 
 
THE NO. 5 BLOCK COAL IN EASTERN KENTUCKY:  A CRITICAL RE-
EXAMINATION OF THE PETROLOGY WITH SPECIAL ATTENTION TO THE 
ORIGIN OF INERTINITE MACERALS IN THE SPLINT LITHOTYPES 
 
 
 Microbes, including fungi and bacteria, and insects are responsible for the 
consumption and subsequent degradation of plant materials into humus.  These microbes 
directly and indirectly affect the physical and chemical characteristics of coal macerals.  
Efforts to understand and determine the origins of inertinite macerals are largely 
misrepresented in the literature, conforming to a single origin of fire.  This study focuses 
on the variability of physical and inferred chemical differences observed petrographically 
between the different inertinite macerals and discusses the multiple pathways plant 
material may take to form and or degrade these macerals.   
 Petrographic results show that fungal activity plays a fundamental role in the 
formation of inertinite macerals, specifically macrinite and non-fire derived semifusinite.  
Fungal activity chemically removes the structural framework of woody plant tissues, 
forming less structured to unstructured macerals.  Insect activity within a mire also 
greatly influences the inertinite maceral composition.  Wood-consuming insects directly 
degrade wood tissue leading to the formation of less structured inertinites, as well as 
producing large conglomerates of inert fecal pellets chemically similar to the original 
plant tissue that may be represented in the inertinite maceral composition.   
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CHAPTER ONE 
 
INTRODUCTION 
 
Introduction 
 The Eastern Kentucky Coal Field of the Appalachian Basin contains numerous 
thick sequences of bituminous coals, many of which are dull, lusterless splint coals.  The 
focus of this study is the No. 5 Block coal, an inertinite-rich coal with large percentages 
of structureless macerals.  This distinct maceral composition suggests plant alteration and 
degradation is important in the origin of coal types.   Many factors including biological 
and abiological processes play an important role in the pathways plant materials take to 
form macerals and macerals take to degradation.  Microbial conditions in ancient peat 
mires prior to coalification were highly variable, influencing these pathways.  Fungal and 
insect consumption and degradation of wood tissue in a mire greatly influenced the 
maceral assemblages of the No. 5 Block, specifically the inertinite macerals.  These 
microbes physically and chemically altered plant tissues in significantly different ways 
than fire, a popular theory of the origin of all inertinite macerals.  It is important to 
recognize and discuss the multiple pathways plant materials may take to form macerals.  
 
Purpose 
 The Eastern Kentucky Coal Field covers approximately 10,500 square miles 
(27,195 km2) with more than 80 named coal beds, spanning 37 counties and include 
many different macrolithotypes, microlithotypes, and maceral assemblages.  This study 
will focus on splint coals, a specific lithotype characterized by dull, lusterless, dark gray 
to black coals with an irregular, blocky, fractured appearance, present in a wide variety of 
coal beds throughout the Eastern Kentucky Coal Field.  These coals have been widely 
studied in the context of their maceral composition to better understand peat 
accumulation and coal formation processes.  The purpose of this study is to reevaluate the 
Pennsylvanian No. 5 Block coal bed (also referred to as the Richardson and Princess No. 
5), by examining the inertinite maceral composition, within the context of the total 
petrography, to infer organic accumulation environments and subsequently maceral 
formation and/or degradation pathways.  This study will focus primarily on the 
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petrography of structureless inertinite macerals, such as macrinite and other “non-fire” 
inertinite macerals to provide evidence for a multi-pathway approach plant and maceral 
alteration. 
 
Overview 
Coal Overview 
Coal, a heterogeneous, organic-rich sedimentary rock composed of macroscopic 
and microscopic constituents, has been widely studied petrographically and 
geochemically in order to understand the complex processes behind coalification.  Coal 
can be divided into two major categories based on its macroscopic appearance: humic 
and sapropelic.  Humic coals, the most common type of coal in the Appalachian Basin, 
consist of bands of heterogeneous organic material derived from plant debris.  In low 
rank coals, humic coals are separated into two distinct groups based on physical 
properties such as color (light and dark) rather than rank.  Light brown humic coals are 
typically formed in dry, aerobic peat conditions and the darker humic coals formed in 
wetter, anaerobic peat environments (Wolk, 1936).  Teichmüller (1989) suggested that 
color variation and banding of humic coals was a function of ecological changes 
occurring in the plants of peat environments.  Other theories suggest brown, banded coals 
result from different pathways of plant decomposition (Hagerman and Wolf, 1987).  
Sapropelic coals are massive, non-banded coals that tend to have high amounts of 
hydrogen and liptinite macerals with subsequent high yields of volatile matter (Taylor, et 
al. 1998).  These coals appear homogeneous and are often very hard with a dull, black 
luster.   
 
Lithotypes 
Humic and sapropelic coals are classified macroscopically using lithotypes.  The 
ICCP (International Committee for Coal Petrology) describes four major lithotypes for 
humic coals including vitrain, clarain, durain, and fusain (ICCP, 1963).  These lithotypes 
are categorized by the relative abundances of bright and dull bands, as well as on the 
basis of the texture of dull bands (Figure 1.1).  The distribution of banding within a seam 
is a function of plant variety, preservation potential of plant parts, and biological and 
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geochemical conditions of the depositional environment (where preservation conditions 
are typically anoxic with high acidity and degradation conditions involve oxidation).  
More specifically, vitrain bands are derived from well-preserved wood and wood-like 
(e.g. parenchyma) tissues, and durain bands are a heterogeneous mixture of well- and 
poorly preserved plant fragments (Hower et al., 1990).  
 
Rank 
Coalification (coal rank being the degree of coalification) plays an important role 
in the formation and alteration of macerals which subsequently affects classification 
schemes such as macrolithotypes, microlithotypes, and maceral classification. 
Characteristic changes occur across rank, from the early stages of lignite formation 
through the alteration of anthracite to meta-anthracite. During coalification the chemical 
composition of coal changes from compounds with high hydrogen content to compounds 
with higher carbon contents.  As the rank (degree of coalification) increases, the 
percentages of volatile matter decreases, moisture decreases, and calorific values increase 
(but decrease in higher ranks) (Taylor et al., 1998).   
 
Macerals 
Microscopically, coals are composed primarily of organic matter, as well as 
(usually) minor amounts of inorganic matter including clay, silicate, sulfide, and 
carbonate minerals.  The organic matter of coal is derived from plant materials and 
undergoes various processes of alteration before and after deposition that change the 
composition of the organic matter (Taylor et al., 1998).  The organic matter of coal 
contains microscopically recognizable components referred to as macerals.  Macerals 
represent the preserved remains of plant components whose structures are identifiable, in 
addition to highly altered plant materials whose origins are no longer identifiable 
(Teichmüller and Teichmüller, 1982).  Maceral formation takes place during the very 
early during the peat accumulation stage, and is dictated largely by the degree of 
alteration and degradation the plant material to which it is subjected.  This is especially 
true for macerals of the vitrinite and inertinite groups (Hower et al., 2009).  Several 
factors including plant variety, climatic and ecological controls, and depositional 
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environment play an important role in maceral formation (Teichmüller and Teichmüller, 
1982).   
 
Macerals are determined by their optical properties under reflected light using oil 
immersion objectives with 25-50x magnification (Taylor et al., 1998).  The International 
Committee for Coal and Organic Petrology (ICCP) has classified macerals into three 
groups: Huminite/Vitrinite (ICCP, 1998; Sýkorová et al., 2005), Liptinite, and Inertinite 
(ICCP, 2001).  Each group classification contains several macerals that are 
distinguishable by optical properties and chemical composition.   
 
Huminite macerals are distinguished from vitrinite macerals by rank.  Huminite 
maceral nomenclature is used for low-rank coals and vitrinite nomenclature is used in 
high-rank coals.  Huminite and vitrinite macerals form primarily from humic substances 
that are altered lignin and cellulose products, as well as tannins and humic gels (Taylor et 
al., 1998).  The chemical processes in which huminite is altered to vitrinite are 
hummification, nitrification, and gelification. Reflectance increases with increasing rank 
and isotropic huminite alters to anisotropic vitrinite (Sýkorová et al., 2005).  Anisotropy 
observed in vitrinite also increases with increasing rank.  Other distinguishing features 
that separate huminite/vitrinite from the other macerals groups include fluorescence, high 
oxygen content, and degree of bituminization (ICCP, 1998).   
 
Liptinite macerals are derived from aliphatic-rich plant materials.  These plant 
materials include spores, cuticles, resins, suberin, fats and oils, and degraded plant 
particles.  At lower ranks, liptinites are highly aliphatic, unlike the other maceral groups 
that tend to be highly aromatic. Liptinites have the lowest reflectance values among the 
three major maceral groups, as well as the darkest maceral color.  Due to the highly 
aliphatic nature of these macerals, liptinites are in varying degrees through the high 
volatile bituminous rank range.  As reflectance, aromaticity, and rank increase, liptinites 
become difficult to distinguish from vitrinites due to converging reflectance levels.  This 
occurs at approximately the high volatile/medium volatile bituminous level of 
coalification.  The macerals of the liptinite group are classified by their behavior 
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exhibited in organic solvents, and are subdivided into a soluble fat-wax group and an 
insoluble suberin-cutin group.  Both subgroups are stable during the peat stages and do 
not undergo humification and gelification during coalification (Taylor et al., 1998).   
 
There are two significant coalification jumps observed in liptinites.  The first 
jump occurs at the subbituminous/bituminous rank boundary where the reflectance value 
(Ro) is 0.5%.  At this stage, many of the liptinites are adsorbed or absorbed by humic 
materials.  The second coalification jump occurs at the low to medium volatile 
bituminous rank stage where the liptinites exhibit identical optical and chemical 
properties to that of vitrinite.  As rank continues to increase, liptinites exhibiting optical 
and chemical properties of vitrinite are not easily distinguishable from vitrinite. 
(Teichmüller, 1974a, b; Taylor et al., 1998). 
 
Inertinite macerals are derived from highly altered and degraded plant materials.  
Alteration and degradation often occurs prior to deposition under oxidizing conditions.  
Charring, microbial attack, and desiccation are common processes responsible for the 
formation of inertinites prior to burial (ICCP, 2001).  Inertinites are highly aromatic and 
have the highest carbon content, lowest hydrogen content, and, in general, the highest 
reflectance values of all three maceral groups (Taylor et al., 1998).  In order to identify 
and classify inertinite macerals petrographically, the specific macerals under study must 
be identified.  The ICCP 2001 classification of inertinites divides the maceral group 
inertinite into seven distinct macerals, categorized by the presence/absence of cell 
structure, size, shape (morphology), and chemical composition.  Inertinite macerals 
recognized by the ICCP include: fusinite, semifusinite, funginite, secretinite, macrinite, 
micrinite, and inertodetrinite (Table 1.1).   
 
Fusinite, defined by its degree of fusinitization and high reflectivity, exhibits well 
preserved cellular structure (Taylor et al., 1998; ICCP, 2001).  Fusinite is thought to be 
derived from ligno- and cellulosic cell walls that are resistant to degradation during the 
development of fossil charcoal.  Fossil charcoal forms from the incomplete combustion 
of plant material (Scott, 2010) and/or decarboxylation by microbial activity (Varma, 
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1996; Taylor et al., 1998; ICCP, 2001).  Petrographically, fusinite appears as lenses of 
bright, well-preserved cell walls (Figure 1.2a).  
 
Semifusinite, classified as an intermediary between fusinite and the vitrinite 
maceral telinite, has a medium reflectance with moderately to poorly-preserved structural 
features with cell lumens that vary in size and shape (ICCP, 2001). Similar to fusinite, 
semifusinite is derived from lignin and cellulose tissues, and forms from similar 
combustion and decarboxylation processes  (Taylor et al., 1998; ICCP, 2001). 
Petrographically, semifusinite appears as bright lenses of cell lumens with irregular size 
and shape, often found in a transitional zone between telinite and fusinite (Figure 1.2b). 
 
Funginite differs from other macerals of the inertinite classification primarily 
because it is not of a plant origin (Hower et al., 2009).  Funginite is preserved fungal 
parts, such as sclerotia and hyphae, appearing predominately as single and multi-celled 
round to ovid forms (ICCP, 2001).  Funginite typically occurs in small quantities in coals 
and is often associated with different plant and/or maceral parts such as lignin and 
cellulose tissues observed in vitrinites, as well as resinous materials preserved as 
liptinites ( ICCP, 2001; Hower et al., 2010).  Petrographically, funginite appears as 
bright, single or multi-cellular, fat ovids often with resins filling the void space (Figure 
1.2c). 
 
Secretinite, thought to be a product of resin oxidation, is an inertinite maceral 
found most commonly in medium and high volatile dull, bituminous coals of 
Carboniferous and Permian age (Hower et al., 2008).  Little is known about the chemical 
composition and structure of secretinite; however it appears there are no preserved plant 
structures in the long, oblate, vesicled maceral (ICCP, 2001).  Petrographically, 
secretinite appears as bright round to oblong, amorphous globules, often punctuated with 
devolitization structures appearing as folds or vesicles (Figure 1.2d).   
 
Macrinite, a structureless maceral of varying shape, size, and reflectance, is 
thought to originate from flocculated humic matrix material exposed to dehydration and 
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redox processes (ICCP, 2001).  It may also have origins attributed to metabolic processes 
of microbial activity where fungal, bacterial, or other microbial attack has broken down 
the plant cellular structures (Hower et al., 2009). Macrinite is more common in dull 
lithotypes, but is usually rare to absent maceral in most coals (ICCP, 2001). Therefore, 
large abundances of macrinite in context of the total petrography (greater than 10%) may 
indicate very different depositional, preservation, and coalification parameters than those 
dominated by structured macerals.  Petrographically, macrinite appears as bright, 
amorphous, rounded to oblong bodies, often incorporating fragmented maceral 
assemblages (Figure 1.2e).   
 
Micrinite, occurrs as very fine, rounded grainswith an inertinite reflectance. They 
are often very difficult to distinguish microscopically from other fragmented pieces of 
inertinite, especially when found in clusters.  It is believed to have various origins 
including strong fragmentation of inertinite macerals, residual particulates of former 
liptinites and vitrinites, and peatification (ICCP, 2001).  Microscopically micrinite 
appears as a granular, opaque material, often occurring in accumulated masses (Figure 
1.2f).   
 
Inertodetrinite is a classification to encompass all fragmented inertinite pieces, 
whose original maceral origin and/or structure are not distinguishable; it includes a wide 
variety of sizes and shapes; and have experienced various degrees of fusinization (ICCP, 
2001).  These fragmented pieces tend to be found in dull lithotypes whose origins are 
subaquatic (Taylor et al., 1998; ICCP, 2001).  The abundance and distribution of 
inertodetrinite is largely a function of the degree of degradation and mechanical crushing 
(ICCP, 2001).  Inertodetrinite may also indicate the presence of local and regional fires 
during deposition. Surface fires tend to produce large quantities of ash that accumulates 
on the surface, most of which is not preserved in-situ, but wind-blown and preserved as 
pieces of inertodetrinite (Alexander, 1977).  Petrographically inertodetrinite appears as 
small, bright, fragmented maceral pieces (Figure 1.2g). 
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Microlithotypes 
 Microlithotypes represent assemblages of macerals at the microscopic level.  The 
classification scheme of microlithotypes is based on the association of macerals with one 
another (Figure 1.3).  ICCP recognizes two different classification conventions:  
minimum band width of 50 μm and the 5% rule.  A minimum band width of 50 μm 
implies that a microlithotype can be recorded only if it shows a 50-μm width measured 
perpendicular to the bedding.  The 5% rule states that if the total volume of macerals 
contains > 5% of any maceral group, that maceral group is included in the microlithotype 
nomenclature.  Any microlithotype may contain up to 5% of accessory macerals that are 
not typical of microlithotype (Taylor et al., 1998).  Provided the mineral content is less 
than 20% clay, quartz, or carbonate by volume or less than 5% sulfide by volume, the 
microlithotype nomenclature is unaffected by the presence of these accessory minerals.  
However, if clay, quartz, carbonate, or pyrite exceeds these amounts, the microlithotype 
is referred to as a carbominerite (Taylor et al., 1998).   
 
Splint Coal 
Splint coal, an old Scottish term used throughout the eastern United States, 
particularly in eastern Kentucky and central West Virginia, is a synonym for durain 
lithotypes.  Splint coals, dull, lusterless, dark gray to black coals with an irregular, 
blocky, fractured appearance, are present in a wide variety of bituminous and 
subbituminous coals.  Microscopically, splint coals have the same composition as durains 
(Sprunk et al., 1940).  Based on the U.S. Bureau of Mines nomenclature, splint coals are 
classified by percent composition of anthraxylon and opaque attritus, with coals 
containing greater than 5 % anthraxylon and greater than 30 % opaque attritus being 
classified as splint coals.  The anthraxylon components of splint coals are derived from 
woody tissues, often preserved in coal as vitrinite macerals. Attritus material is derived 
from degraded plant matter that accumulated in the peat stage.  Many different processes, 
including bacterial and fungal degradation, as well as paleoclimatic influences, 
contributed to alteration of the attrital material.  The attrital groundmass is highly 
heterogeneous and often contains large amount of embedded spores and fragmented 
xylem, phloem, cortex, and leaf tissues.  This macerated plant debris is preserved as 
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macerals of the vitrinite and inertinite groups such as corpogelinite, collodetrinite, 
vitrodetrinite, macrinite, and inertodetrinite (Thiessen, 1930).   
 
The precursors of splint coals were deposited in areas of high biological activity 
where plant materials undergo a high degree of decomposition and maceration.  Both 
relatively dry and very wet conditions could promote the production of biochemical 
agents that lead to plant desiccation.  Drying conditions in a peat swamp allows air to 
infiltrate the accumulating surface plant material, providing favorable conditions for the 
viability of decay-producing organisms.  White and Thiessen (1913) suggested very wet 
conditions in a peat swamp lead to washing the surface plant material with oxygenated 
water, removing toxic products, and allowing biochemical degradation processes to act 
longer on plant tissues. The principle splint coals of the Appalachian Basin include the 
No. 5 Block (Richardson), Stockton (Broas), Coalburg (Mudseam, Peach Orchard), and 
Winifrede (Hazard) coals, although some older coals (Fire Clay, Hazard No. 5) also 
contain splint lithotypes.  
 
Geologic Setting, Stratigraphy, and Palynology 
Stratigraphy 
The No. 5 Block coal seam is located near the top of the Middle Pennsylvanian 
Breathitt Group, a 760-m thick sequence of siltstones, sandstones, shales, and coals with 
limited marine shales and limestones (Figure 1.4) (Hower and Pollock, 1991).  In eastern 
Kentucky, the No. 5 Block is also referred to as the Richardson and Princess No. 5 coal.  
The No. 5 Block is overlain and underlain by thick sandstone sequences related to 
penecontemporaneous deposition with tectonic accommodation (Horne et al., 1978). 
 
Tectonics 
The Appalachian Basin tectonic history and structural controls, such as the Belfry 
Anticline, Rome Trough, and other localized fault systems, play an important role in the 
depositional history of the Eastern Kentucky Coal Field in the Appalachian Basin (Figure 
1.5).  The Central Appalachian Basin formed as a series of foreland basins that broadened 
and extended in response to collisional tectonics along eastern North America (Greb et 
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al., 2002).  Pennsylvanian coal depositional cycles in the Appalachian basin occurred 
approximately every 400 ka, correlative to Milankovitch orbital cycles, suggesting that 
these cycles were eustatically controlled (Greb et al., 2003).  Cecil (1990) proposed that 
smaller-scale climate fluctuations were a principle control on peat accumulation and 
sediment dispersal within the broader Aooka Milankovitch cycles.  Heckel (1995) has 
argued that glacio-eusttic fluctuations were important in controlling local/regional 
groundwater table position.  This, in turn, exerted control on peat accumulation and 
preservation. These transgressive-regressive cycles may have originated from episodic 
thrust loading, or from the waxing/waning of glaciation in the southern hemisphere 
(Heckel, 1995).  Eastern Kentucky Coal Field coals tend to be thicker than their western 
Kentucky correlatives, suggesting there was greater tectonic accommodation in the 
eastern Kentucky foreland basin than the intercratonic Illinois Basin (Greb et al., 2002). 
 
Eastern Kentucky coals thicken towards the structural axis of the Appalachian 
Basin, suggesting different peat architectures existed in the northwestern sections of the 
basin than those of the southeastern sections.  Increases in coal thickness along the 
foreland axis suggest domed mires dominated the southeast, whereas planar mires with 
less thickness dominated the northwestern sections (Greb et al., 2002).  Many studies 
conducted on other eastern Kentucky coals show this northwest to southeast trend.  
Previous studies conducted by Hower et al. (1992) throughout the eastern Kentucky coals 
suggest the Belfry Anticline acted as a barrier between the northwest and southeast coal 
depositional environments.  In addition, they demonstrated the thinning of coals along the 
axis of the anticline (Hower and Pollock, 1991; Hower et al., 1992).  
 
Coal regions located to the southeast of the Belfry Anticline tend to be low in 
sulfur with lower abundances of redox-sensitive trace elements, showing the anticline 
was a barrier between the brackish-to-marine, periodically submerged durains to the 
northwest and the southeastern bright lithotypes, with evidence for “dry land” flora 
(Hower and Pollock, 1991).   
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A specific study conducted on the Pond Creek Coal, mined directly below the No. 
5 Block in Martin Co., Kentucky, containing dull lithotypes comparable to the No. 5 
Block to the northwest of the Belfry Anticline, shows redox-sensitive trace elements, 
including V, Cr, and Cu, are abundant, suggesting stagnant submergence of the peat mire 
in a brackish to marine environment (Hower et al., 1991). Evaluation of trace element 
concentrations provides insight into understanding geochemical constraints of a 
depositional environment, as well as stratigraphic variations in depositional environments 
and preservation of organic matter.  Geochemical analysis of redox-sensitive trace 
elements including Mo, Ni, Co, V, Cr, and Ni can illustrate the prevailing depositional 
environments of brackish-to-marine depositional environments. Chemical composition of 
brackish-to-marine sediments is controlled by the distribution of sediments from varying 
sources with different composition coupled with the fixation of elements during 
lithification.  Trace elements are derived from terrestrial material and are transported into 
brackish-to-marine organic sediments via biological activity, fluvial discharge, and the 
atmosphere (Pedersen and Calvert, 1993).   
 
Paleoenvironment 
 The Pennsylvanian was a time of intense polar glacial cycles on the developing 
Pangaea Supercontinent with the largest accumulations of ice occurring in the southern 
hemisphere (Figure 1.6).  During this time climate and sea level changes altered marine 
and terrestrial conditions where seasonality ranged from subhumid-to-humid conditions 
to seasonally dry-to-arid conditions (Figure 1.7) (Falcon-Lang, 2007).  The degree of 
glaciations during the Middle and Late Pennsylvanian is uncertain, however work 
conducted by Isbell et al. (2003a) and Fielding et al. (2008) suggests glaciations lasted 
approximately 1-7 Ma, followed by intervals of significant ice reduction (DiMichele et 
al., 2010).  The Middle and Late Pennsylvanian glacial fluctuations/cyclicity were similar 
to the Pleistocene glaciations; however, the Pennsylvanian experienced long intervals of 
global warming between glacial cycles, greatly affecting sea-level and climate (Isbell et 
al., 2003b; Fielding et al., 2008).   
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Global sea-level fluctuations, tied closely to climate cyclicity, greatly affected the 
basins of the Western Pangaean Equatorial Zone, including the Appalachian Basin 
(DiMichele et al., 2010).  The Appalachian Basin was flat during the Middle and Late 
Pennsylvanian, with filling and subsequent inundation during sea-level rise, creating 
brackish-to-marine depositional conditions, and rapid surface exposure during sea-level 
fall, providing (at times) relatively dry-to-arid depositional conditions (Cecil and Delong, 
2003).  During periods of sufficient moisture, these flat, water-logged terrains across the 
Appalachian Basin during the Middle and Late Pennsylvanian provided ideal depositional 
environments for widespread mire formation, and ultimately, the large, vast coal beds of 
the Eastern Kentucky Coal Field (Greb et al., 2003). 
 
Palynology 
 The Late Pennsylvanian palynoflora of eastern Kentucky coals, including the No. 
5 Block, is very diverse including large lycopsid trees, small lycopsid trees, tree ferns, 
small ferns, and calamites (Hower et al., 1994).  Many palynological studies conducted in 
the Pennsylvanian coal fields show a correlation between paleomire flora and 
paleoenvironmental conditions.  Studies conducted on various eastern Kentucky coals, 
similar to the No. 5 Block, suggest palynologic changes throughout each coal bench. 
Mire architecture may be attributed to changes in paleoclimate and nutrient availability 
(DiMichele and Phillips, 1985).  The flat, planar features of the Appalachian Basin in the 
Middle and Late Pennsylvanian suggests the No. 5 Block mire would have been a 
topogenous (or rheotrophic) mire, predominately deriving moisture from groundwater 
(Figure 1.8) (Teichmüller and Teichmüller, 1982).   
 
Petrographic and palynologic studies conducted by Hower et al. (1994) suggest 
significant palynologic differences exist trending from NW-SE across Martin County, 
KY, showing significant compositional differences between the palynoflora and 
subsequently macerals found in the NW from the SE.  The northwestern extent of the 
coal bed tends to be Lycospora- and vitrinite-rich, suggesting that the peat depositional 
environment was most likely water-logged with little peat oxidation.  The southeastern 
portions of the No. 5 Block are more enriched in inertinites and Torispora secures, a tree 
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fern spore adapted for protection against desiccation, which indicates that the 
microclimate during the deposition of the No. 5 Block was a seasonally dry or “less-wet” 
period. During peat accumulation of this portion of the No. 5 Block, the surficial peat was 
exposed for large quantities of time, allowing high levels of oxidation to occur, 
contributing to the formation of high quantities of inertinite macerals (Hower et al., 
1994).   
 
Subsidence rates across the mire may also play an important role in the 
palynoflora compositional differences between the northwestern and southeastern 
sections of the mire.  The northwestern sections of the mire subsided more slowly and, 
therefore, were able to sustain stable swamp environments.  The southeastern section of 
the mire subsided more rapidly, apparent in the coal thickness, possibly creating an 
unstable peat environment with long periods of surficial exposure allowing for more plant 
diversity in the absence of large lycopsid trees (Eble and Grady, 1990; Hower et al., 
1994).  It should be noted that the majority of the plants indigenous to the No. 5 Block 
paleomire were essentially “non-woody”.  Although arborescent lycopods were the 
longest plants in Pennsylvanian mires, some attaining heights of 30m (or more) and trunk 
diameters of over 1m, they were mainly composed of bark (periderm), and not wood 
(secondary xylem) tissues.  Thus, although they were large trees, they actually possessed 
very little wood (DiMichele and Phillips, 1994).  Root structures (stigmaria) were of 
similar design, as were small lycopod trees. 
Tree ferns, represented mainly by the genus Pecopteris, were also trees in an 
architectural sense, but possessed very little wood.  Rather, the bulk of their trunks were 
composed of aerenchymatous (parenchyma tissues with air chambers) adventitious roots 
that provided a stable plant form for the plant. 
Calamite and cordaite trees were mainly constructued of true wood, but these two 
plant groups are not represented in the abundance of the No. 5 Block Coal.  Furthermore, 
Middle Pennsylvanian calamites and cordaites are known to have been small in stature, 
probably on the order of < 3m in height, and < 0.5m in girth.  Collectively, these two 
factors indicate that calamites and cordaites, while present in the No. 5 Block paleomire, 
were minor biomass contributors.  With these paleobotanical factors in mind, the 
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reference to wood in this study implies “true wood and wood-like tissues”, to account for 
the botanical construction of the dominant paleoflora.   
 
Origins and Degradation Pathways of Macerals 
Fungi 
 Botanical degradation pathways, and ultimately maceral formation involve 
complex biogeochemical processes including fungal, bacterial, insect, and fire 
interactions.  In order to understand complex interactions among biological and 
abiological processes, the independent variables must first be understood.  Fungi, 
colonizing the surface layers and immediate underlying sub-layers, are heterotrophic 
organisms that rely on the availability of oxidized carbonaceous materials within a peat 
mire.  All common classes of Fungi are composters, utilizing and degrading major plant 
tissues.  Food sources for fungi include sugars, organic acids, disaccharides, starch, 
pectin, cellulose, and lignin. The degradation of plant remains by fungi leads to the 
formation of humus (Alexander, 1977).   
 
 The size and sustainability of a fungal colony are a function of the amount of 
available organic matter; however, environmental constraints such as pH, temperature, 
and moisture availability play a vital role.  Peat profiles with low pH, moderate 
temperatures (25-35°C), and semi-saturated to saturated conditions provide optimal 
conditions for fungal growth (Bárcenas-Moreno and Bååth, 2009).  Water supply is 
essential for catalyzing chemical reactions; capacity for chemical change is poor when 
water supply is low and super-saturated conditions leads to inadequate O2 diffusion 
necessary for aerobic metabolism (Dunn et al., 1985). Seasonality, affecting temperature 
and organic matter and moisture availability, is important in the growth and sustainability 
of fungal colonies.  The availability of organic matter is highest in the fall and spring, 
coupled with the mildest temperatures and sufficient rainfall (Alexander, 1977).   
 
Bacteria 
Bacterial communities in a mire are often composed of aerobic colonies in the 
surface layers (acrotelm) and anaerobic colonies at greater depths (catotelm).  Most 
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bacteria in a peat mire are chemoautotrophic, requiring organic nutrients to serve as 
sources of carbon and energy.  Organic carbon is the major food source for bacteria; 
however inorganic constituents are important for energy for growth and cell synthesis 
(Alexander, 1977).   
  
Bacterial colonization is directly related to availability of organic matter and 
community size is influenced by pH, moisture, and seasonality.  Bacteria often colonize 
the most humus-rich areas of the mire with a neutral pH, water availability, and moderate 
temperatures (25-35°C).  Many studies have shown variations in acidity and alkalinity 
inhibits the growth of bacterial communities where the greater the hydrogen ion 
concentration, the smaller the size of the community (Bárcenas-Moreno and Bååth, 
2009).  The maximum bacterial density is typically found in regions of high moisture 
content colonized by aerobic bacteria; however, excessive water suppresses bacterial 
growth because of limits on gaseous exchange, lowering the available O2 supply.  Most 
mire-colonizing bacteria are mesophiles with optimal environmental temperatures of 
approximately 25-35°C where maximum biochemical processes can be carried out by the 
bacteria (Rousk et al., 2009).  Like fungi, seasonality plays a large role in the 
environmental constraints governing population growth and sustainability; cell numbers 
become greatest in the fall and spring because of favorable moisture conditions and 
availability of organic substances for decay (Alexander, 1977). 
 
Insects 
 Insects occupying Paleozoic peat mires were predominately detritivores and 
herbivores.  Insects often consumed plant tissues of lycopsids and tree ferns during the 
Middle Pennsylvanian (Labanderia, 1998).  Insects feed on the detrital plant remains in 
mires due to the overabundance of degrading plant material.  Evidence for plant-insect 
interactions has been found in frass-laden tunnels, bite marks, and cross-cutting exit holes 
in permineralized plant tissues of Pennsylvanian marattialean ferns (Labanderia and 
Phillips, 1996).  Common tissues consumed by insects include wood, leaves, and spores.  
Evidence for insect diet is found in preserved coprolites. 
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Insect diet is not constrained by mire conditions, and therefore few environmental 
conditions affect insect activity and colonization.  Insects, like fungi and bacteria, are 
mesophiles and cannot live in intense heat conditions and typically reside in the upper 15 
cm of the mire.  Water supply is essential for growth and sustainability of insect 
populations; however, insects can survive in semi-arid environments.  Limited studies 
have been conducted on the affect of pH on insect activity (Alexander, 1977). 
 
Fire 
Fires in a peat swamp are a common occurrence, often started by lightning strikes 
to the surface of relatively dry mires. Fire alters and/or consumes the plant material by 
combustion, resulting from pyrolysis (Scott, 2010).  Moisture and vegetation are the two 
most important conditions for abiological alteration by fire.  There must be ample 
vegetation to serve as a fuel source and an inadequate source of moisture to provide 
relatively dry conditions.   
 
Maceral Formation and Degradation 
 The purpose of this study is to focus on maceral formation and degradation 
pathways in the context of biological and abiological processes affecting maceral 
morphology.  The role of microorganisms in the chemical transformation of plant 
materials leading to maceral formation and degradation was first recognized in the 
1920’s, most notably by Waksman and Stevens (1929).   Prior to their work, many 
scientists argued peat (and maceral) formation was a function of oxidation and reduction 
processes (Früth, 1891; Oden, 1919; Waksman and Stevens, 1929); while others 
suggested peat and maceral formation and degradation were self-decomposition 
processes, where slow tissue breakdown is a function of low temperatures and anaerobic 
conditions (Potonié, 1912).  Since initial discussions of microbial roles in maceral 
formation and degradation, multiple pathways for discussion have been created.  Much of 
the literature recognizes the importance of multiple factors acting on maceral formation; 
however, since the 1980’s the literature has largely conformed to a single-track theory 
placing importance on abiological factors, such as fire, in the formation of inertinite 
macerals.  Therefore, it is important to recognize there is distinct interaction and 
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competition between microorganisms in differing mire environments for available 
nutrients leading to the alteration of plant tissues to form and/or degrade macerals, while 
recognizing abiological factors may also create and degrade macerals. 
 
Macerals form from both simple unidirectional pathways as well as complex 
multidirectional pathways.  One of the simplest maceral formation pathways is that of 
unaltered woody plant material and their transformation to either huminite or vitrinite.  
Vitrinite/Huminite forms when the cellulose of plants is preferentially decomposed and 
removed from the wood, leaving behind the preserved lignin which undergoes a series of 
chemical reactions forming vitrinite (Hatcher and Clifford, 1997).  Alternatively, the pre-
vitrinite woody material may be altered to fusinite by fire via the incomplete combustion 
of wood, resulting in the charred remains of lignin (Scott, 2010).  These two maceral 
pathways are unidirectional where only one abiological factor altered plant remains to 
macerals and the macerals have been chemically altered and cannot return to the 
precursor material.   
   
Fungi, bacteria, and insects often all coexist in a mire, consuming and altering the 
parent plant material of macerals.  The interactions among these microorganisms and the 
parent plant material are important in understanding the complexities in maceral and coal 
morphology.  Like the simple alteration of woody plant material to vitrinite on a 
unidirectional pathway, biological agents such as fungus, bacteria, and insects may 
follow a unidirectional pathway giving rise to petrographically and chemically distinct 
macerals.  For example, fungi, by definition, are composters; their main function in a peat 
mire is to break down plant structures for food, leading to various maceral forms.  There 
are numerous types of fungi that break down lignin and cellulose, tissues giving woody 
plants structure (Otjen and Blanchette, 1984), to potentially form structureless, 
amorphous materials leading to the formation of structureless macerals such as macrinite.  
Fungi preferentially degrade cell walls. Otjen and Blanchette (1984) describe this 
degradation and suggest that the removal of lignin from within cell walls, as well as the 
destruction of the middle lamella between cells, illustrates a decay different than that of 
simple oxidation and reduction, bacterial activity, and insect infestation where the 
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resulting detrital plant material is sometimes unrecognizable to that of its parent material 
(Otjen and Blanchette, 1984).   However, biological agents acting in a mire rarely follow 
a unidirectional pathway, therefore we must examine the multiple roles and interactions 
of these biological agents. 
 
Although many macerals preserved in coal originated from a simple 
unidirectional pathway, it is important to discuss the complex interactions that provide a 
multi-directional pathway, specifically complex pathways involving the formation and 
degradation of inertinite macerals.  Multidirectional pathways are complex in that there 
are infinite pairings of biological and abiological interactions that may form: 1) a primary 
maceral; 2) alter a primary maceral through degradation to a new, morphologically and 
chemically distinct maceral; 3) change a primary or secondary maceral pathway, resulting 
in an intermediary composition; 4) and/or impede maceral formation and/or degradation 
 
Insect-fungus interactions are important in degradation processes for two reasons: 
some fungi are predatory and consume plant-eating arthropods, eliminating competition 
for saprophytes (plant-eating fungus) (Christiansen et al., 1999), and fungus utilize insect 
bore holes as an entry point into woody plants (Loo, 2009; Hower et al., 2010).  Fungus 
is also associated with flying insects such as such as beetles and flies where fungal spores 
are spread over large areas much like pollen on bees (Hower et al., 2010).  Fungus and 
plant associations are also important in understanding alteration and degradation 
processes leading to maceral formation.  Fungus-resin associations may be used to 
identify qualitative degradation time markers; fungi entering wood and actively rotting 
the tissues may be encapsulated in resins.  These associations suggest that degradation of 
the plant material was occurring prior to entering the mire and/or at the surface of the 
mire in the exposed, aerated zones (Hower et al., 2010).  These interactions directly affect 
the pathway plant material will take to form coal macerals.   
 
Abiologocial factors greatly affect biological processes in the mire and maceral 
pathways.  Fire can alter the quality and quantity of carbon sources as well as destroy 
microbial colonies.  The microbial response to fire is directly related to its intensity, 
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including the total consumption of organic matter.  Different fire intensities have diverse 
effects on microorganisms’ survival and/or recovery and the organic compounds of the 
mire (Certini, 2005).  Microbial response to fire is different among microbial groups; 
fungi and bacteria vary in sensitivity to temperature (Dunn et al., 1985).  Bacteria recover 
rapidly after heating whereas fungal recovery occurs over extended periods of time 
(Bácenas-Moreno and Bååth, 2009).  Fungi and bacteria differ in sensitivity to mire 
temperature where bacteria can withstand higher temperatures than that of fungus (Dunn 
et al., 1985).  Bacterial spores can withstand very high temperatures whereas very few 
fungi have heat tolerant spores (Bácenas-Moreno and Bååth, 2009).   
 
Fire also increases competition between microorganisms.  Ponder et al. (2009) 
indicate that bacteria recover faster than fungi after a heating event due to changes in pH.  
Peat mires after a fire often have higher pH, favoring bacterial colonization over fungi 
(Rousk et al., 2009).  Also, dissolved organic carbon, coupled with increases in 
phosphorus (P), favor bacterial recovery over fungi because P is an important food source 
of bacteria and other benthic scavengers.  This results in increased competition, 
negatively affecting fungal recovery after a fire event (Bácenas-Moreno and Bååth, 
2009). Increased competition and various inhibiting biological factors within a mire will 
ultimately change maceral formation and degradation pathways.  
 
High-temperature fires that are active for long periods of time have the capacity to 
consume all available carbon in the mire, effectively eliminating all microorganisms and 
plant material available for maceral formation, impeding maceral and coal formation, and 
eliminating all pathways.  Therefore, applying all the previously discussed associations 
and interactions to a multi-pathway approach, potential macerals formed from these 
various sources can be seen in Figure 1.9. 
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Table 1.1 Macerals of the inertinite group (figure from ICCP, 2001). 
Macerals of the inertinite group  
Macerals with cell structures: Fusinite 
 Semifusinite 
 Funginite 
  
Macerals lacking cell structures: Secretinite 
 Macrinite 
 Micrinite 
  
Fragmented inertinite Inertodetrinite 
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Figure 1.1 Generalized microlithotype and group maceral composition of lithotypes 
(figure modified from Hower et al., 1990). 
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Figure 1.2 Photographs of representative macerals of high volatile bituminous coal from 
the No. 5 Block Coal taken under oil immersion with plane-polarized reflected white-
light.  (a) fusinite; (b) semifusinite; (c) funginite; (d) secretinite; (e) macrinite; (f) 
micrinite; (g) inertodetrinite. 
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Figure 1.3 Diagram representing the basic microlithotype categories (Taylor et al., 1998).
Vitrite
InertiteLiptite 
Vitrinite
Liptinite  Inertinite 
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Figure 1.4 Stratigraphic section of Appalachian Basin coal beds (figure modified from 
Eble, et al. 1994). 
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Figure 1.5 Map of major structural features of eastern Kentucky (figure from Hower et al., 
1994). 
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Figure 1.6 Paleomap of the Late Carboniferous (Pennsylvanian).  North American and 
Europe collided with Gondwana to form western Pangaea.  Ice covered the majority of 
the southern hemisphere and coal formed along the equatorial zones (Figure from 
Scotese, 1997a).    
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Figure 1.7 Paleotemperature map illustrating the location of coal beds across Pangaea, 
linked to the relative climate (figure from Scotese, 1997b).    
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Figure 1.8 Analogue of rheotrophic coastal mire based on mires of the southeast 
United States (Figure from Greb et al., 2002). 
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CHAPTER TWO 
SAMPLING AND ANALYTICAL METHODS 
 
Sample Collection 
 Samples of the No. 5 Block coal were collected from various cores and surface 
mine exposures in Martin County, KY and other locations in northeastern Kentucky 
(Figure 2.1).  Sampling was conducted by the Kentucky Geological Survey (done as a 
part of a US Geological Survey-funded sampling program) and the UK Center for 
Applied Energy Research (CAER) (Hower et al., 1994).   
 
Sample Preparation 
 The samples were crushed to -20 mesh (nominal particle size, 850 microns) and 
split several times to obtain representative samples of approximately 50 g.  One split was 
used to make petrographic pellets for reflected light analysis using ASTM 
recommendations and ICCP nomenclature (ASTM, 1991; Hower et al., 1994; ICCP 
1998, 2001).  The petrographic pellets were polished using a Buehler Ecomet 3000 
grinder and polisher with a Buehler Automet 2000 power head with 240, 400, and 600 
grit surfaces as well as napless cloth (Buehler Texmet) and silk using 0.3 – and 0.05-
micron alumina, respectively.   
 
Data Collection 
 Maceral percentages are calculated from 500 counted points using a Leitz 
Orthoplan microscope with a 50x objective with oil immersion reflected light.  Digital 
photographs of macerals were taken using a SPOT Insight 4 camera.    
 
Etching  
 Etching the surface of petrographic pellets is used to show finer details of the 
wood structure of mainly vitrinite macerals, although other maceral groups may be 
slightly affected by the etching solution.  Pellets were etched using an acidified saturated 
solution of potassium permanganate (KMnO4).  In practice, 10g of KMnO4 is dissolved 
in 100ml of distilled H2O, and made acidic by adding 20-25ml of concentrated sulfuric 
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acid (H2SO4).  The combination of the two reagents results in the production of 
permanous acid, a powerful oxidizer. Prior to etching, the solution is heated to near 
boiling. Tape is applied to a small section of the surface of the pellet to preserve the 
original polished surface.  The surface of the pellets is submerged into the etching 
solution for approximately 10-15 seconds; etching strength is determined by time where 
the higher the temperature, the lower the etch time.  Once the etching is complete, the 
pellets are rinsed with an acidified solution of sodium sulfite (Na2SO3) to remove a MnO2 
residue left by the etching solution.  Lastly, the pellets are wiped clean with ammonia to 
remove any remaining solution not removed by the Na2SO3. 
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Figure 2.1 Map of sample collection locations (Hower et al, 1994).  
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Figure 2.2 Photographs of the No. 5 Block sample collection (Hower et al., 1994).  
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CHAPTER THREE 
RESULTS 
Quantitative Unetched Results 
Coal Series 3367-3373 
 The coal series 3367-3373 contains large percentages of vitrinites with lesser 
amounts of inertinites and liptinites, and minimal amounts of mineral matter.  Vitrinites 
have an average value of 57% (max:78.13%, min:18.53%) in all benches with the 
exception of bench 3369 where vitrinites account for less than 20% of the total counted 
volume. Inertinites have an average value of 23.48% (max: 35.86%, min: 14.8%) or less 
of each bench, and liptinites and mineral matter account for less than 20% of the total 
counted volume combined with the exception of bench 3369 (Figure 3.1).  Collotelinite 
and telinite are the most abundant vitrinite macerals with a secondary abundance of 
collodetrinite.  Vitrodetrinite, corpogelinite, and gelinite occur in minimal amounts or are 
absent in most benches (Figure 3.2). 
 
 The total amount of any individual inertinite maceral in each bench is less than 
25% and often less than 15%.  Macrinite is the most abundant inertinite maceral, 
however, there are considerable amounts of inertodetrinite, semifusinite, and fusinite.  
Micrinite and secretinite are found in very minimal amounts and funginite is only found 
in bench 3368, the only bench in all of the coal series analyzed for this study that has 
measurable quantities of funginite (Figure 3.3).  In total, the unstructured inertinite 
macerals, as defined by ICCP (2001), are in greater abundance than the structured 
inertinites (Figure 3.4). 
 
 Liptinies and mineral matter are present in small quantities, usually less than 5% 
in most benches.  There are two benches (3369 and 3370) have total liptinite percentages 
greater than 10% of the total macerals.  The dominant liptinite is sporinite with minor 
amounts of cutinite, resinite, and liptodetrinite (Figure 3.5).  Mineral matter is a minor 
constituent, and is present in quantities less than 5% in most benches with the exception 
of benches 3370 and 3371.  Quartz and silicate minerals are the most abundant with 
minor amounts of sulfides (Figure 3.6). 
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Coal Series 3408-3418 
 The coal series 3408-3418 contains large percentages of vitrinite and inertinite 
macerals with minor percentages of liptinite and mineral matter.  A distinct pattern in the 
vitrinite composition is evident throughout this series; moving through the section from 
bottom (3418) to top (3408) vitrinite macerals are high (greater than 50%) in three 
consecutive benches and then decrease to less than 20% in the fourth bench.  This series 
appears first in benches 3418 through 3415 and repeats again in benches 3414-3411 and 
benches 3410-3408.  When inertinites are in their highest percentages, liptinites are also 
in their highest percentages, while vitrinites are in their lowest percentages (Figure 3.7).  
The bulk vitrinite composition has an average of 49.98% (max: 72.31%, min: 9.98%) of 
the total macerals with the exception of bench 3415 (containing less than 10% vitrinite 
macerals).  The vitrinite composition is dominated by telinite, collotelinite, and 
collodetrinite.  Degraded vitrinite macerals including collodetrinite, gelinite, and 
corpogelinite are present in measurable quantities in most benches as well as fragmented 
macerals (vitrodetrinite) (Figure 3.8).   
 
 The bulk inertinite composition has an average value of 33.43% (max: 43.65%, 
min: 16.54%).  The inertinite maceral composition is dominated by macrinite and 
semifusinite.  Inertodetrinite is also in significant quantities in each bench.  Secretinite, 
micrinite, and fusinite are present in minor quantities and measurable quantities of 
funginite are absent (but fungal spores are visible under the microscope) (Figure 3.9).  
Overall, unstructured macerals are in larger quantities than structured inertinite macerals 
(accounting for greater than 60% of the total inertinite composition in most benches).  
The total structured and fragmented maceral compositions of the total inertinite 
composition are in approximately equal percentages in most benches (Figure 3.10).   
 
 Liptinites occur in minor quantities, generally less than 5% in each individual 
bench.  The dominant liptinite maceral is sporinite; however, minor amounts of 
liptodetrinite, resinite, and cutinite are also present.  Liptinites are often found in highest 
percentages when vitrinites are in their lowest percentages (Figure 3.11).  Mineral matter 
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accounts for less than 5% of each coal bench.  Silicate and quartz are the dominant 
minerals with minor amounts of sulfides.  Carbonate minerals are rare to absent in most 
benches (Figure 3.12). 
 
Coal Series 3702-3712 
 The coal series 3702-3712 contains large percentages of vitrinite and inertinite 
with minor quantities of liptinites and mineral matter (Figure 3.13).  The bulk vitrinite 
composition has an average of 59.33% (max: 80.79%, min: 15.75%) in each bench with 
the exception of bench 3705, which contains less than 20% vitrinite macerals.  The 
vitrinite composition is dominated by collodetrinite and collotelinite; with telinite, 
vitrodetrinite, corpogelinite, and gelinite found in minor quantities (Figure 3.14). 
 
 The bulk inertinite composition contains an average compoition of inertinite 
macerals of 29.03% (max: 54.85%, Min: 12.47%) in most benches with quantities 
reaching 20-30% throughout the middle of the section.  The inertinite composition is 
predominately macrinite and micrinite, with smaller quantities of fusinite, semifusinite, 
secretinite, and inertodetrinite.  No measurable quantities of funginite were present 
(Figure 3.15).  Overall, there are significantly higher percentages of unstructured 
macerals in the total inertinite composition than of structured and fragmented macerals.  
Similar to the previously discussed coal series, unstructured macerals account for greater 
than 60% of the total inertinite composition in most benches, and structured and 
fragmented macerals appear to be in equal proportions in most benches (Figure 3.16). 
 
 Liptinites and mineral matter represent small percentages of the total coal 
composition.  Liptinites generally comprise 5-10% of the total volume of macerals.  
Sporinite and liptodetrinite are the most abundant liptinite macerals with trace quantities 
of cutinite and resinite (Figure 3.17).  Mineral matter constitutes less than 5% of the total 
bulk volume.  Quartz and silicate are the dominant mineral matter with minor amounts of 
sulfides.  Carbonate was not observed.  Mineral matter is most abundant in the bottom 
bench (3712) and decreases to bench 3708 where the overlying 3707 bench has 
significantly higher mineral matter.  The benches overlying 3707 decrease in the same 
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fashion as series 3712-3708.  Therefore, there are two distinct mineral series (each 
containing five benches) reflecting nearly identical mineral trends (Figure 3.18). 
 
Coal Series 31055-31064 
 The coal series 31055-31064 has high percentages of vitrinites and inertinites 
with minor percentages of liptinites and mineral matter.  Similar to coal series 3408-
3418, this series contains a characteristic relationship between vitrinite and inertinite in 
groups of four benches.  At each fourth interval (31061; 31057) there is a sharp decrease 
in vitrinite and subsequently an increase in inertinite composition (Figure 3.19).    
Vitrinite macerals have an average value of 57.82% (max: 73.86%, min: 25.35%).  The 
vitrinite composition is dominated by collotelinite and collodetrinite, with minor 
quantities of telinite, vitrodetrinite, corpogelinite, and gelinite (Figure 3.20). 
 
 The inertinite macerals average composition is 31.41% (max: 51.20%, min: 
18.06%) of the bulk maceral content of each bench.  Macrinite is the most abundant 
inertinite maceral found in each bench, comprising 10-20% of the total inertinites, with 
the exception of bench 31057 where inertodetrinite is the most abundant.  Inertodetrinite 
is also found in larger quantities, whereas fusinite, semifusinite, micrinite, and secretinite 
are observed in lower concentrations.  There were no measurable quantities of funginite, 
however, fungal spores were observed under the microscope (Figure 3.21).  Similar to 
previously discussed coal series, 31055-31063 contains large percentages of unstructured 
macerals, greater than 60% of the total inertinite composition of most benches with less 
than 20% structured macerals present in each bench. Structured and fragmented macerals 
are in similar proportions, but are not equal. Fragmented macerals are present in higher 
quantities in the upper benches of the series (Figure 3.22). 
 
 Liptinites and mineral matter constitute the remaining fractions of the coal series 
and are found in quantities of less than 10-20% volume in each bench.  Sporinite is the 
dominant liptinite maceral, with minor amounts of liptodetrinite and resinite present.  
Liptinites appear to increase through the middle and upper sections of the series, where 
sporinite values decrease slightly, and liptodetrinite, cutinite, and resinite increase (Figure 
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3.23).  Mineral matter constitutes less than 5% of the total bulk volume of each bench.  
Silicate minerals are the most abundant, with lesser quantities of quartz, carbonate, and 
sulfide present.  Mineral percentages remain rather constant throughout the entire series 
(Figure 3.24)  
 
Quantitative Etched Results 
Coal Series 3702-3712 
 In the etched analysis, only vitrinite and inertinite macerals were counted and 
recorded.  The percentages of counted macerals are represented in the figures presented 
in this section and the adjusted volume to compare a full analysis to a vitrinite + inertinite 
analysis is represented in the tables presented in this section.  The adjusted volume was 
calculated by dividing the etched vitrinite or inertinite percentage by the unetched sum of 
the vitrinite and inertinite percentages.  In the 3702-3712 series, there is a larger 
percentage of vitrinite macerals than that of inertinite (Tables 3.1 and 3.2).  Vitrinite 
macerals have an average value of 67.91% (max: 83.43%, min: 15.83) of the 500 counted 
points in each bench with the exception of bench 3705.   Vitrinite percentages are higher 
than those of the unetched series (Table 3.3). Inertinites have an average value of 31.54% 
(max: 84.17%, min: 16.57%) of the 500 counted points in each bench, with the exception 
of bench 3705 where inertinite macerals represent over 80% of the counted macerals 
(Figure 3.25).  Vitrinite percentages are fairly consistent throughout most benches.  
Telinite and collodetrinite are the most abundant vitrinite macerals in this series, with 
lesser amounts of collotelinite and minimal amounts of vitrodetrinite, corpogelinite, and 
gelinite.  It is important to note there is an overall trend showing that as telinite decreases, 
collodetrinite increases (Figure 3.26) 
 
 The inertinite percentages in this series are lower than those observed in the 
unetched series (Table 3.4).  The most abundant inertinite maceral is macrinite; however, 
there are significantly higher percentages of semifusinite and fusinite than in the unetched 
3702-3712 series.  There are small percentages of inertodetrinite, secretinite, and 
micrinite.  Unlike the unetched analysis, there is one bench, 3712, with minor amounts of 
funginite present, the only bench in the etched study to contain quantitatively measured 
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funginite (Figure 3.27).  Although there are higher percentages of fusinite, semifusinite, 
and funginite, there is a higher total percentage of unstructured macerals than structured 
macerals.  Unstructured macerals represent greater than 60% of the total inertinite 
macerals in most benches and greater than 40% in all benches.  Structured macerals 
represent 20-40% of all inertinite macerals in most benches and fragmented macerals 
represent less than 10% in most benches.  Structured macerals are in larger percentages in 
lower benches of the section.  There is a distinct “stair step” pattern visible in benches 
3712-3709 and 3708-3705; structured inertinites decrease steadily from approximately 
60% to less than 20% in each of these subseries (Figure 3.28). 
 
Coal Series 31055-31064 
 The 31055-31064 coal series contains larger percentages of vitrinite than 
inertinite (Tables 3.5 and 3.6).  Similar to series 3702-3712, the vitrinite percentages in 
the etched 31055-31064 series has more vitrinite than the unetched samples (Table 3.7).  
The vitrinite macerals have an average value of 64.49% (max: 85.20%, min: 33.67%) of 
the total 500 counted points in most benches and inertinite macerals have an average 
value of 29.06% (max:66.33%, min: 14.80%) of the total counted macerals in most 
benches (Figure 3.29).  The most abundant vitrinite macerals are telinite and 
collodetrinite.  Telinite represent greater than 30% of the total etched maceral 
composition in all benches and collodetrinite represents greater than 15% of the total 
etched maceral composition with the exception of bench 31057.  There are lesser 
amounts of collotelinite, vitrodetrinite, corpogelinite, and gelinite (Figure 3.30).   
 
 Similar to series 3702-3712, the inertinite composition is less than the unetched 
samples (Table 3.8).  Macrinite is the most abundant inertinite maceral, however, it is 
present in significantly lower quantities, representing < 20% of the total counted 
macerals.  There are also higher percentages of fusinite, semifusinite, and inertodetrinite 
than the unetched samples.  Micrinite and secretinite each represent less than 5% of the 
etched maceral assemblage.  Overall, there are higher percentages of unstructured 
maceral than structured macerals (Figure 3.31).  Unstructured macerals represent 40-60% 
or greater of the total inertinite composition and structured macerals represent 20-40% or 
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greater of the total inertinite composition.  Fragmented macerals represent a small portion 
of the total inertinites, totaling less than 10% of each bench’s inertinite composition 
(Figure 3.32). 
 
Qualitative Unetched Results 
Coal Series 3367-3373 
 Coal series 3367-3373 contains a mixture of structured and unstructured and/or 
degraded vitrinites and inertinites.  Telinite and collotelinite appear as large gray bands 
where cell structure is often visible at 500x magnification.  These large vitrinite bands 
often have incorporated other macerals and maceral fragments such as large spores, 
micrinite, vitrodetrinite, and inertodetrinite.  Liptinites appear as large megaspores or as 
large masses of smaller spore particles.  Structured vitrinite and inertinite macerals are 
easily distinguished by the visible cellular structure as well as distinct differences in 
reflectance.  The inertinite macerals are very bright in this series, with visible cell 
lumens, whereas the vitrinites are a darker gray with a uniform composition and no 
visible cell lumens.  Many of the structured macerals incorporate or are in close 
proximity to degraded macerals.  Many of the vitrinites and inertinites exhibit transitional 
zones where a structured maceral has been altered to a more structureless composition 
(Figure 3.33).   
  
The largest percentages of unstructured macerals are macrinite and secretinite.  
These macerals lack any original cellular structure and identifiable plant parts under 500x 
magnification.  Their reflectance visibly appears near that of most semifusinites observed 
in this series.  The unstructured macerals occur in large masses with many different 
shapes, sizes, and colors.  This series contains many unstructured macerals that are not 
easily identifiable at 500x magnification and potentially may not be easily categorized 
into the ICCP (2001) inertinite classification system (Figure 3.34). 
 
Coal Series 3408-3418 
 4
Coal series 3408-3418 contains a large percentage of easily identifiable, 
structured vitrinites and inertinites.  The structured inertinites have a very high 
reflectance, appearing as large, bright plant remains.  The fusinite and semifusinite 
macerals have well-preserved cellular structured.  The fusinite appears to have a much 
higher reflectance than the semifusinite and vitrinites.  Much of the semifusinite appears 
as clusters of individual cell walls, where the cell lumen is in the center of the cell and is 
surrounded by thick, preserved walls.  The fusinite appears to have preserved the overall 
plant structure, but the thick cell walls are absent and individual cells are not easily 
identifiable.  Like series 3367-3373, a significant amount of the structured vitrinites 
incorporate fragmented and degraded macerals.  Liptinites occur as large megaspores or 
large masses of smaller spores (Figure 3.35). 
 
 The unstructured inertinite macerals of this series are very difficult to distinguish 
using the ICCP (2001) inertinite classification.  Figure 3.36 shows large masses of 
degraded maceral material whose original plant composition is unidentifiable.  Much of 
this degraded material is classified as macrinite, however, there are instances where little 
to no structure is present, but the macerals do not exhibit characteristics of unstructured 
macerals classified in ICCP (2001).  Similar to series 3367-3373, the unstructured 
inertinite macerals occur in large masses, often with detrital liptinitic material and small 
voids where mineral matter was most likely present and subsequently lost.  The 
unstructured vitrinites often occur around the edges of unstructured inertinite macerals. 
The reflectance and color of the unstructured inertinite macerals is more similar to the 
collodetrinite than to the structured inertinites such as fusinite.  Although secretinite 
appears to have some structure in the form of folds or relief (3.36a), it is classified by 
ICCP as an unstructured maceral.  Like other unstructured inertinite macerals, secretinite 
does not exhibit any plant structure properties and its parent plant material is not 
recognizable.   
 
Coal Series 3702-3712 
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 Coal series 3702-3712 is composed of large percentages of vitrinites and 
inertinites.  The structured vitrinites appear as large, medium gray bands and often have 
incorporated spores, cuticles, and degraded and fragmented macerals.  Figure 3.37a 
illustrates these large vitrinite macerals as well as shows an interesting aspect to the 
quantitative analysis; a fungal spore is incorporated into the vitrinite, providing evidence 
for fungal activity even though the quantitative results show there is trace funginite in 
these samples.  The structured inertinites primarily consist of fusinite and semifusinite.  
The fusinites have a very high reflectance and exhibit excellent preserved cell structure 
(Figure 3.37).   
 
 The unstructured inertinite macerals are in higher abundances than the 
unstructured vitrinites.  The unstructured vitrinites are primarily composed of 
corpogelinites and collodetrinite.  The corpogelinites appear as structureless, round 
globules with no apparent resemblance to the original plant material.  The texture of 
corpogelinite is very similar to that of macrinite and highly altered collodetrinite.  
Macrinite is in very high percentages in this series and occurs in large, detrital masses 
and also appears to occur with a detrital liptinitic groundmass.  Macrinite also often 
occurs along transition zones of vitrinite and semifusinites, where both the vitrinite and 
semifusinite appear highly degraded and the original plant structure is nearly 
unrecognizable (Figure 3.38).      
 
Coal Series 31055-31064 
 Coal series 31055-31064 contains a mixed variety of structured and unstructured 
macerals.  There are large, clean bands of vitrinite (telinite and collotelinite) as well as 
large masses of degraded collodetrinite.  The collodetrinite often has broken fragments 
and other degraded maceral particles incorporated into the groundmass of collodetrinite.  
Although the quantitative analysis recorded little to no funginite in all samples under 
investigation in this study, it is important to note that there is numerous large fungal 
spores found in this coal series.  The liptinites observed in this samples are typically 
megaspores and samples of spore germination within the mire are present.  Overall, there 
are higher percentages of structures vitrinite macerals than inertinite macerals.  Most of 
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the structured inertinites observed are present as fragments of semifusinite and fusinite 
(Figure 3.39) 
 
 The unstructured macerals of this coal series are dominated by inertinite macerals, 
specifically macrinite and secretinite.  The large percentages of macrinite appear as large 
masses of amorphous, degraded particles where the original plant material or maceral is 
completely unrecognizable.  Similar to previously discussed series, the unstructured 
inertinite macerals have a reflectance closer to the unstructured vitrinites than the 
structured inertinites.  Like macrinite, secretinite is also commonly observed throughout 
this series and is often surrounded by or incorporated into other unstructured macerals 
(Figure 3.40).   
 
Qualitative Etched Results 
Coal Series 3702-3712 
 The etched series 3702-3712 exhibits large quantities of telinite and fusinite.  The 
etching process created a higher maceral structure resolution.  The vitrinites under 
etching easily show preserved plant structures. Other than preserved structure, the 
characteristics of etched and unetched vitrinite are very similar.  Unlike the unetched 
vitrinites, many of the etched vitrinites do not contain incorporated material such as 
fragmented and/or degraded maceral pieces.  The structured inertinites appear very 
similar to the unetched samples, although the cell lumens are more recognizable and 
evenly shaped in the etched inertinites (Figure 3.41).   
 
 Unlike the structured etched macerals, the unstructured etched macerals exhibit 
significantly different visible properties.  Many structured vitrinites classified as 
collotelinite and collodetrinite may have also had gelinite and corpogelinite inclusions, 
giving rise to potentially lower recorded unstructured macerals in the quantitative results.  
The etching does not seem to change the appearance of secretinite or macrinite other than 
enhancing the boundaries of these macerals.  In rare instances, etching has shown to 
better differentiate the color and/or reflectance of macrinite from collodetrinite (Figure 
3.42) 
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Coal Series 31055-31064 
 The etched series 31055-31064 exhibits similar structured maceral properties as 
etched series 3702-3712. The vitrinites appear as large gray bands with little to no 
inclusions of fragmented and/or degraded material. The etching highlights the vitrinite’s 
preserved cellular structure and more easily defines the cell lumens of structured 
inertinites such as fusinite and semifusinite.   In many instances, the etching shows more 
irregularity to the semifusinite macerals than the unetched samples and as described in 
the ICCP inertinite classification system (Figure 3.43) (ICCP, 2001).   
 
 Similar to etched series 3702-3712, the unstructured macerals, specifically the 
unstructured inertinite macerals, exhibit very different visual properties compared to the 
unetched samples.  The etched unstructured inertinites appear brighter, however, each 
still show no preserved plant structure and the original plant or maceral material is 
unrecognizable.  In the etched samples, it appears as though some macrinite is lost during 
the etching process.  Much of the macrinite observed in association with a detrital 
liptinitic groundmass is missing, however, the liptinitic groundmass remains (Figure 
3.44).  
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Table 3.1 Normalization of vitrinite from the unetched analysis of series 3702-3712 to the 
etched analysis of series 3702-3712 to compare total analysis (including liptinites and 
minerals) to a vitrinite/inertinite analysis.  V = vitrinite; I = inertinite. 
Bench V+I Unetched % V - Etched % V - Normalized Etched % 
3702 87 68 59 
3703 93 83 77 
3704 97 58 56 
3705 71 16 11 
3706 91 66 60 
3707 89 74 66 
3708 92 83 76 
3709 89 68 61 
3710 93 82 76 
3711 84 80 67 
3712 92 70 64 
 
 
 
 
 
 
Table 3.2 Normalization of inertinite from the unetched analysis of series 31055-31064 to 
the etched analysis of series 3702-3712 to compare total analysis (including liptinites and 
minerals) to a vitrinite/inertinite analysis.  V = vitrinite; I = inertinite. 
Bench V+I Unetched % I - Etched % I - Normalized Etched % 
3702 87 27 24 
3703 93 17 16 
3704 97 42 41 
3705 71 84 60 
3706 91 34 31 
3707 89 26 23 
3708 92 17 16 
3709 89 32 29 
3710 93 18 17 
3711 84 20 17 
3712 92 30 28 
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Table 3.3 Comparison of unetched vitrinite and normalized etched vitrinite percentages 
of series 3702-3712. V = vitrinite; I = inertinite. 
Bench V - Unetched % V - Normalized Etched % 
3702 55 59 
3703 81 77 
3704 83 56 
3705 16 11 
3706 54 60 
3707 55 66 
3708 70 76 
3709 51 61 
3710 76 76 
3711 49 67 
3712 73 64 
 
 
 
 
Table 3.4 Comparison of unetched inertinite and normalized etched inertinite percentages 
of series 3702-3712. V = vitrinite; I = inertinite. 
Bench I - Unetched % I - Normalized Etched % 
3702 27 24 
3703 17 16 
3704 42 41 
3705 84 60 
3706 34 31 
3707 26 23 
3708 17 16 
3709 32 29 
3710 18 17 
3711 20 17 
3712 30 28 
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Table 3.5 Normalization of vitrinite from the unetched analysis of series 31055-31064 to 
the etched analysis of series 31055-31064 to compare total analysis (including liptinites 
and minerals) to a vitrinite/inertinite analysis.  V = vitrinite; I = inertinite. 
Bench V+I Unetched % V - Etched % V - Normalized Etched % 
31055 84 80 67 
31056 91 68 62 
31057 75 34 26 
31058 90 71 64 
31059 89 74 66 
31060 93 85 79 
31061 91 56 51 
31062 91 79 72 
31063 94 83 78 
31064 94 79 74 
 
 
 
 
 
 
 
Table 3.6 Normalization of inertinite from the unetched analysis of series 31055-31064 to 
the etched analysis of series 31055-31064 to compare total analysis (including liptinites 
and minerals) to a vitrinite/inertinite analysis.  V = vitrinite; I = inertinite. 
Bench V+I Unetched % I - Etched % I - Normalized Etched % 
31055 84 20 17 
31056 91 32 29 
31057 75 66 50 
31058 90 29 26 
31059 89 26 23 
31060 93 15 14 
31061 91 44 40 
31062 91 21 19 
31064 94 17 16 
31065 94 21 20 
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Table 3.7 Comparison of unetched vitrinite and normalized etched vitrinite percentages 
of series 31055-31064. V = vitrinite; I = inertinite. 
Bench V - Unetched % V - Normalized Etched % 
31055 32 67 
31056 59 62 
31057 25 26 
31058 62 64 
31059 63 66 
31060 74 79 
31061 49 51 
31062 73 72 
31063 69 78 
31064 72 74 
 
 
 
 
 
 
 
 
Table 3.8 Comparison of unetched inertinite and normalized etched inertinite percentages 
of series 31055-31064. V = vitrinite; I = inertinite. 
Bench I - Unetched % I - Normalized Etched % 
31055 20 17 
31056 32 29 
31057 66 50 
31058 29 26 
31059 26 23 
31060 15 14 
31061 44 40 
31062 21 19 
31063 17 16 
31064 21 20 
 
 49 
 
 
Figure 3.1 Plot showing the total percentages of the major maceral groups (including 
mineral matter).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3373 and the highest bench is 3367. 
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Figure 3.2 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 3367-3373. 
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Figure 3.3 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 3367-3373. 
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Figure 3.4 Plot showing the total percentages of inertinite maceral structure as outline in 
ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3372 and the highest bench is 3366. 
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Figure 3.5 Plot showing the percentages of specific liptinite macerals in each bench for 
the series 3367-3373. 
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Figure 3.6 Plot showing the percentages of mineral in each bench for the series 3367-
3373. 
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Figure 3.7 Plot showing the total percentages of the major maceral groups (including 
mineral matter).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3418 and the highest bench is 3409. 
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Figure 3.8 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 3408-3418. 
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Figure 3.9 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 3408-3418. 
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Figure 3.10 Plot showing the total percentages of inertinite maceral structure as outline in 
ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3418 and the highest bench is 3408. 
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Figure 3.11 Plot showing the percentages of specific liptinite macerals in each bench for 
the series 3408-3418. 
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Figure 3.12 Plot showing the percentages of mineral in each bench for the series 3408-
3418. 
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Figure 3.13 Plot showing the total percentages of the major maceral groups (including 
mineral matter).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3712 and the highest bench is 3702. 
 
 
0 20 40 60 80 100
3712
3711
3710
3709
3708
3707
3706
3705
3704
3703
3702
Vitrinite
Inertinite
Liptinite
Mineral
 62 
 
 
 
Figure 3.14 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 3702-3712. 
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Figure 3.15 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 3702-3712. 
 
 
 
 64 
 
Figure 3.16 Plot showing the total percentages of inertinite maceral structure as outlined 
in ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3712 and the highest bench is 3702. 
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Figure 3.17 Plot showing the percentages of specific liptinite macerals in each bench for 
the series3702-3712. 
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Figure 3.18 Plot showing the percentages of mineral in each bench for the series 3702-
3712. 
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Figure 3.19 Plot showing the total percentages of the major maceral groups (including 
mineral matter).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 31055 and the highest bench is 31064. 
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Figure 3.20 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 31055-31064. 
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Figure 3.21 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 31055-31064. 
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Figure 3.22 Plot showing the total percentages of inertinite maceral structure as outline in 
ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 31064 and the highest bench is 31055. 
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Figure 3.23 Plot showing the percentages of specific liptinite macerals in each bench for 
the series 3702-3712. 
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Figure 3.24 Plot showing the percentages of mineral in each bench for the series 31055-
31064. 
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Figure 3.25 Plot showing the total percentages of the major maceral groups vitrinite and 
inertinite.  Each bar represents one bench within an entire coal series.  The lowest bench 
in the series is 3712 and the highest bench is 3702.  This sample has been etched. 
 
 
0 20 40 60 80 100
3712
3711
3710
3709
3708
3707
3706
3705
3704
3703
3702
Vitrinite
Inertinite
 74 
 
 
 
Figure 3.26 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 3702-3712.  This sample has been etched. 
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Figure 3.27 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 3702-3712.  This sample has been etched. 
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Figure 3.28 Plot showing the total percentages of inertinite maceral structure as outline in 
ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 3712 and the highest bench is 3702. This sample is etched. 
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Figure 3.29 Plot showing the total percentages of the major maceral groups vitrinite and 
inertinite.  Each bar represents one bench within an entire coal series.  The lowest bench 
in the series is 31064 and the highest bench is 31055.  This sample has been etched. 
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Figure 3.30 Plot showing the percentages of specific vitrinite macerals in each bench for 
the series 31055-31064.  This sample has been etched. 
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Figure 3.31 Plot showing the percentages of specific inertinite macerals in each bench for 
the series 31055-31064.  This sample has been etched. 
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Figure 3.32 Plot showing the total percentages of inertinite maceral structure as outline in 
ICCP (2001).  Each bar represents one bench within an entire coal series.  The lowest 
bench in the series is 31064 and the highest bench is 31055.  This sample is etched. 
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Figure 3.33 Photographs of structured macerals for the series 3367-3373.  a. telinite with 
visible cell structure; b. vitrinite with liptinite (sporinite) inclusions; c. fusinite 
surrounded by vitrinite; d. semifusinite with liptinite and macrinite inclusions. 
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Figure 3.34 Photographs of unstructured macerals for the series 3367-33773. a. macrinite; 
b. secretinite; c. macrinite and collodetrinite with fungal spores; d. secretinite with 
degraded maceral groundmass. 
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Figure 3.35 Photographs of structured macerals for the series 3408-3418. a. fusinite with 
semifusinite and collodetrinite; b. fusinite; c. semifusinite; d. fusinite and semifusinite 
with altered liptinite. 
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Figure 3.36 Photographs of unstructured macerals for the series 3408-3418. a. secretinite; 
b. macrinite; c. macrinite, d. macrinite. 
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Figure 3.37 Photographs of structured macerals for the series 3702-3712. a. vitrinite with 
cutinite inclusions; b. semifusinite; c. vitrinite with a fungal spore inclusion; d. fusinite. 
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Figure 3.38 Photographs of unstructured macerals for the series 3702-3712. a. macrinite; 
b. macrinite and transitional semifusinite; c. corpogelinite; d. macrinite. 
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Figure 3.39 Photographs of structured macerals for the series 31055-31064. a. vitrinite 
with fungal spores and macrinite inclusions; b. vitrodetrinite with liptinitic inclusions; c. 
fragmented macerals with fungal spores; d. telinite. 
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Figure 3.40 Photographs of unstructured macerals for the series 31055-31064. a. 
macrinite; b. secretinite with collodetrinite and semifusinite; c. secretinite; d. secretinite. 
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Figure 3.41 Photographs of etched structured macerals for the series 3702-3712. a. 
vitrinite with visible cellular structure; b. fusinite; c. semifusinite; d. vitrinite with visible 
cellular structure. 
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Figure 3.42 Photographs of etched unstructured macerals for the series 3702-3712. a. 
corpogelinite; b. macrinite; c. secretinite; d. corpogelinite. 
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Figure 3.43 Photographs of etched structured macerals for the series 31055-31064.  a. 
fusinite; b. fusinite; c. vitrinite with visible cellular structure; d. semifusinite. 
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Figure 3.44 Photographs of etched unstructured macerals for the series 31055-31064. a. 
secretinite; b. macrinite; c. detritial liptinitic groundmass with traces of macrinite; d. 
macrinite. 
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CHAPTER FOUR 
DISCUSSION AND CONCLUSIONS 
Structured and Unstructured Macerals 
Vitrinites 
 The origins of inertinite macerals have been widely discussed in the coal 
literature, however, there has been an overwhelming conformance to a single fire origin 
for both structured and unstructured inertinite macerals.  The primary objective of this 
study is to discuss and provide supporting evidence for physical, biological, and chemical 
origins of inertinite macerals.  Fire alone does not account for the structural, biological, 
and chemical differences seen throughout the various inertinite macerals.   
The results of this study indicate that there are several different types of structured 
and unstructured macerals found throughout each coal series.  Vitrinite often contained 
more structured macerals than the inertinite group.  It is apparent that each of the 
individual macerals evolved from plant material in different ways, utilizing different 
morphological pathways.  The structured vitrinite macerals, including telinite and 
collotelinite, exhibit well to poorly defined cellular structure, suggesting a unidirectional 
pathway from woody plant tissue to vitrinite via humification, a chemical process of 
slight structural decomposition via coalification and/or chemico-microbiological 
processes (Taylor et al., 1998).   
The unstructured or degraded and gelified vitrinite macerals, including 
collodetrinite, corpogelinite, and gelinite, do not show evidence for a unidirectional 
pathway from woody plant tissue to vitrinite.  It is likely these macerals were derived 
from woody tissue, forming from chemico-microbiological processes.  However, it is not 
impossible for these unstructured and/or degraded macerals to form directly from plant 
material.  Corpogelinite and gelinite form by undergoing gelification, a process where 
softening of the cell walls, without destruction of the cell tissue, produces humic gels that 
precipitate into cell lumens (Taylor et al., 1998). 
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Inertinites 
The inertinite macerals observed in this study suggest complex, multi-directional 
pathways are responsible for both unstructured and even some structured macerals.  
Structured macerals, including fusinite and some semifusinite, appear to be derived from 
a unidirectional pathway related to fire.  The fusinite in all samples had a very high 
reflectance and well preserved plant structure.  The well-preserved structures seen are 
mainly lignin, which makes up 30% of the cell wall in woody tissues, and is more stable 
and resistant to thermal degradation (Scott and Glasspool, 2007).  With predominately 
small fusinite quantities present in most of the coal series, fires were probably not 
widespread, surface fires of long duration.  It is more likely the fusinites originated from 
a short, crown fire.  Scott and Glasspool (2007) suggest crown fires do not produce large 
quantities of preserved bedded charcoal, but rather typically produce wind-blown ash. 
Preserved wind-blown ash will be present as inertodetrinite.  In summary, there is little to 
no evidence to suggest any fusinite macerals observed in this study were formed from 
any process other than fire.   
The semifusinite composition of the No. 5 Block is problematic in that it does not 
appear to be from a single, unidirectional source or pathway.  There is evidence to 
suggest portions of the semifusinite composition originated from fire, while other 
portions of the semifusinite composition may have originated directly or indirectly from 
microbial activity.  Semifusinite, exhibiting charred properties and thus originating from 
a unidirectional fire pathway, has a higher reflectance than semifusinite related to 
microbial activity.  Fire-derived semifusinite also exhibits structural characteristics 
closely related to fusinite including variously preserved (well-formed to poorly-formed) 
cell lumens.  Semifusinite generally occurs in larger quantities than fusinite, suggesting 
that lower temperature, shorter-duration fires may have been prevalent, producing more 
intermediate macerals such as semifusinite. The overabundance of semifusinite may also 
be related to multiple-pathways, including microbially-derived semifusinite.  The 
processes in which microbial semifusinite is derived will be discussed in later sections.   
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  Secretinite, like semifusinite, is also problematic in that it is not apparent 
whether it is from a single, unidirectional source or pathway, or a multi-directional 
pathway. Its original plant material is unrecognizable; therefore, the processes and 
changes it has undergone are difficult to identify.  Little is known about the origin and 
chemical composition of secretinite.  ICCP (2001) suggests that although secretinite is 
thought be an oxidation product of resin or humic gels, it may also have a non-resinous 
origin, and has few characteristics similar to vitrinite and fusinite. Secretinite has 
characteristic features that can be utilized to determine physical properties present in the 
mire that may affect this macerals morphology.  Secretinite has both folds or creases, and 
devolatilization holes that suggest any volatile components in the chemical make-up of 
secretinite are lost, most likely due to a heating event.  As with semifusinite, heating 
events may be related to fire and/or microbial activity.   
Macrinite is the most abundant inertinite maceral observed in this study and 
appears in various forms representing stages of degradation.  Similar to secretinite, 
macrinite has no preserved cellular structure, and the original plant material is 
unrecognizable.  This structureless form is different from other inertinite macerals, such 
as fusinite and semifusinite, suggesting that different processes are affecting cellular 
tissues.  Thus, it is unlikely that the origin of macrinite is the same as fire-derived 
inertinite macerals.  Also, macrinite observed in this study typically does not have a high 
reflectance, similar to semifusinite and fusinite, but, rather, the reflectance is slightly 
elevated above the average vitrinite reflectance. There is a small amount of macrinite that 
has reflectance values similar to that of semifusinite and fusinite.  Since fire is less likely 
to form macrinite, biological activity, including microbial activity, is most likely the 
source of origin for macrinite.  
Micrinite occurs in very small quantities in the coal series analyzed for this study.  
Due to its low abundance, small size and uncertain chemistry and origin, micrinite is not 
particularly useful in determining mire conditions and maceral formation and degradation 
pathways related to biological and abiological factors.   
Inertodetrinite was found in moderate amounts throughout the coal series 
analyzed for this study.  The inertodetrinite observed typically has a high reflectance 
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value similar to fire-derived semifusinite and fusinite, suggesting it represents preserved 
charcoal particles from a fire event that were either preserved in-situ or incorporated as 
wind-blown particles from areas adjacent to the paleomire.   
Maceral-microbial Associations 
Fungus-maceral Interactions 
 Each maceral in a coal has a distinct maceral pathway.  Both vitrinites and (most) 
inertinites originate from wood and wood-like tissues; however, their physical and 
chemical compositions are distinct, a product the biogeochemical interactions occurring 
within the mire and subsequent metamorphism (coalification).  The microbial 
composition and its association with plant material in the mire is one of the most 
important aspects in understanding the origins of macerals and coal types.   
 
Fungal activity in a mire is an important mechanism in understanding the 
formation of many structureless macerals.  Fungal activity can directly and indirectly 
change plant materials and maceral pathways.  Many different varieties of decay-causing 
fungi inhabit peat mires, utilizing different extracellular enzymes, and produce different 
forms wood degradation.  For example, brown rot fungi will produce different macerals 
than white rot fungi and white rot fungi will produce different macerals than white 
pocket-rot fungi.  Fungi are most noted for their ability to preferentially remove all cell 
wall materials for food sources.  This implies that any woody materials entering the mire 
and incorporated into the aerated zones of the mire where large fungal colonies reside 
may become a primary food source for the fungus.  Wood consumed by fungi will have 
less structure than wood preserved as vitrinite through the loss of cellulose and lignin.  If 
large quantities of cellulose and lignin are removed, the resultant maceral will most likely 
be macrinite.  Severe wood degradation would result in the characteristic macrinite 
observed throughout the No. 5 Block (Figure 4.1). 
 
The consumption of cell wall materials by fungi does not always lead to 
structureless macerals.  As discussed earlier, some semifusinite exhibits different 
structural properties than semifusinite derived from fire.  These structures are interpreted 
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to be a product of fungal attack, most likely from white-rot fungi.  Otjen and Blanchette 
(1984) best describe the appearance of white-rot decay by stating, “Decay by white rot 
fungi is characterized microscopically by a uniform removal of all cell wall constituents 
resulting in a shot-hole appearance of cell walls.”  This “shot-hole” appearance is evident 
in the No. 5 Block in both the unetched and etched analyses (Figure 4.2).  White-rot fungi 
hyphae attack the cell lumen, degrading lignin progressively from the edge of the of the 
secondary wall towards the middle lamella to produce the center hole seen in the 
semifusinite (Akhtar et al., 1997).    These findings from the No. 5 Block are consistent 
with modern analogue work currently being conducted by Dr. Jennifer O’Keefe at 
Morehead State University.  Dr. O’Keefe’s study on fungal degradation of various woods 
in compost has yielded the same “shot-hole” structural features seen in figure 4.3 
alongside numerous hyphal networks.  These results are vital in understanding both the 
role of microbial activity in the formation of structured and unstructured macerals and in 
demonstrating that macerals of the same name can form from multiple processes 
including biological and abiological processes.   
 
 Although certain fungi are capable of directly consuming cellulose and lignin, 
ultimately affecting the structure and resultant maceral, fungi are also capable of 
indirectly affecting maceral origins. Fungi are exothermic organisms, releasing heat into 
the mire as they metabolize plant tissues.  The exothermic processes heat up the mire, 
effectively cooking the plant materials and potentially dictating the pathways away from 
vitrinites to inertinite macerals.  The added heat essentially operates similar to a slow 
cooker.  Over time, unaltered plant tissues on a vitrinite pathway begin to lose cellular 
structure due to degradation of cellulose and lignin from prolonged exposure to heat.  
These degraded macerals will most likely form inertinite macerals. 
 
Bacteria-maceral Interactions 
 Bacteria exist in large quantities within a peat mire.  Bacteria utilize plant tissues 
for food sources; however, lignin is resistant to bacterial degradation.  The role of 
bacteria in a mire is poorly understood, and, therefore, it is only possible to speculate as 
to the role bacteria play in the origin of macerals.  Bacteria most likely weaken cellular 
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structure of plant material and subsequently the maceral structure by consuming 
cellulose.  Similar to fungi, bacteria may indirectly affect the structure of macerals from 
the release of exothermic heat.  Bacteria and fungi compete for similar food sources and 
space in a mire; there is ample evidence for fungal activity and degradation within the 
No. 5 Block, therefore it is possible that bacteria played a minimal role in maceral 
formation.   
 
Insect-maceral Interactions 
 Insects are present in the aerated zones of a mire and, like fungi and bacteria, 
consume and destroy wood tissues.  Mites are the most common wood degrading insects 
found throughout the Paleozoic (Labandeira et al., 1996).  Mites (and other wood eating 
insects) decompose plant tissues directly through consumption as well as through 
interactions with microbial colonies. Wood consumption and burrowing of wood is often 
dependent on fungal activity.  Insects enter fissures created by fungal degradation and 
preferentially consume internal cellular tissues such as cellulose.  Insect burrowing 
observed microscopically in Labandeira et al’s (1996) research on oribatid mites  also 
appears similar to features seen in the characteristic form of macrinite seen in the No. 5 
Block.  Therefore, mites and wood burrowing insects may be a separate pathway from 
fungal and bacterial degradation to form macrinite and other structureless inertinites or 
provide a multidirectional pathway involving fungus (and other microbes) and insects.  
 
 Fecal pellets of insects provide a different pathway for maceral formation.  Wood 
consuming insects, specifically mites, living in colonies with densities of approximately 
5.6 mites/cm2, produce up to eight fecal pellets a day (Wallwork, 1983)1.  Wood 
degradation by mites increases the plant tissue’s surface area by fragmentation, digestion, 
and defecation.  The fecal pellets are then colonized by microbial decomposers such as 
fungi and bacteria.  The fungi are able to germinate in the fecal pellets, increasing the 
fungal densities.  Fecal pellets of mites may also become cohesive masses, creating a 
pelletal  matrix that is resistant to decomposition (Bradley, 1966; Labandeira et al., 
1996).  Fecal pelletal matrixes of mites, chemically similar to the original plant material, 
                                                 
1 Mites are 0.2mm-1.0mm size, living relatively long lives of 1-4 years (Labandeira et al., 2007). 
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may be represented as some of the structureless macerals, most specifically macrinite, or 
provide conditions for other pathways such as fungal degradation.   
 
 
Effects of Etching 
 The quantitative normalized etched results and the qualitative etched results both 
show a decrease in inertinite macerals.  Many of the unstructured inertinites appear to be 
in lesser quantities than in the unetched analysis, suggesting the etching solution 
preferentially removes some inertinite macerals while not others.  This observation 
suggests that the removed macerals interact with the etching solution in a manner that 
destroys the maceral and, therefore, are chemically different than the residual inertinite 
macerals.  Therefore, macerals with similar parent plant materials and different maceral 
chemical compositions must have taken different degradation pathways which altered the 
chemical make-up of the plant tissues.   
  
Conclusions 
 This thesis set out to illustrate the multiple factors affecting the origins of 
inertinite macerals by providing viable maceral pathways to account for the large 
percentages of unstructured macerals seen in splint coal, most specifically the No. 5 
Block Coal of eastern Kentucky.  The conclusions drawn from this investigation include: 
 
1. Fire is not an exclusive end-member origin to inertinite macerals; there are many 
other biological factors that must be considered in the alteration of plant materials 
to form macerals. 
 
2. Fungi are one of the dominant sources of wood degradation within a peat mire.  
These organisms physically and chemically (through enzymatic activity) alter 
plant tissues to form macerals with a distinct morphology and chemistry different 
than those formed from fire and other abiological processes. 
 
 100 
 
3. Fungi are responsible for the formation of some structured inertinites, specifically 
semifusinite, that may also be formed by fire providing evidence for multiple 
pathways for the origins of macerals. 
 
4. Insects are secondary sources of wood degradation within a mire.  These 
organisms are responsible for physical and chemical alteration of plants through 
wood consumption and defecation.  Degradation observed in macrinite may be the 
result of wood-consuming insects such as mites; boreholes in the macrinite show 
evidence of this.  In addition, some inertinite macerals may be the result of inert 
fecal pellet conglomerates preserved in the mire. 
 
5. Etching coal samples results in the removal of selected inertinite macerals, 
perhaps macrinite, while not affecting other inertinite macerals known to be 
derived from fire.  This directly illustrates the distinct chemical and 
morphological differences between abiological and biological maceral pathways. 
  
 101 
 
 
Figure 4.1 Photographs of the characteristic macrinite observed in the No. 5 Block. a. 
macrinite from bench 3412 of series 3408-3418; b. macrinite from bench 31061 from 
series 31055-31062.  
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Figure 4.2 Semifusinite with characteristic “shot-hole” appearance created by fungal 
degradation.  a. unetched semifusinite from bench 3414 of series 4808-3418; b. etched 
semifusinite from bench 3712 of series 3702-3712. 
 
 
Figure 4.3 Wood degraded by fungus in a compost pile showing the “shot-hole” structure 
seen in the semifusinite of the No. 5 Block (Photographs by Dr. Jennifer O’Keefe, 
Morehead State University). 
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Appendix 1. 
Table 1. Maceral volume percent data for unetched series 3367-3373 
Maceral 
Bench 
3367 
Bench 
3368 
Bench 
3369 
Bench 
3370 
Bench 
3371 
Bench 
3372 
Bench3 
773 
Telinite  18.4  16.3  3.0  1.2  20.4  16.9  20.7 
Collotelinite  33.2  26.8  6.2  22.1  47.0  20.2  46.9 
Vitrodetrinite  1.7  3.3  0.0  0.0  1.4  4.4  1.4 
Collodetrinite  17.1  16.9  9.4  19.9  8.0  23.6  8.0 
Corpogelinite  0.8  1.0  0.0  1.0  0.6  0.0  0.6 
Gelinite  0.0  0.4  0.0  0.0  0.6  0.0  0.6 
Fusinite  1.2  0.8  4.4  9.6  3.0  0.4  3.0 
Semifusinite  4.5  5.7  5.2  14.9  4.2  5.0  4.2 
micrinite  0.4  2.2  4.0  1.0  3.4  0.0  3.4 
macrinite  8.0  12.8  3.8  4.0  1.6  20.2  1.6 
secretinite  0.2  0.8  0.0  0.2  0.0  0.0  0.0 
funginite  0.0  0.2  0.0  0.0  0.0  0.0  0.0 
inertodetrinite  1.9  4.3  18.5  0.4  2.6  0.4  2.6 
sporinite  5.8  5.7  21.3  16.1  4.6  2.8  4.6 
cutinite  0.8  0.0  0.2  0.0  0.2  0.0  0.2 
resinite  0.2  0.6  1.4  0.0  0.0  0.0  0.0 
alginite  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
liptodetrinite  1.9  0.4  6.6  0.0  0.2  2.2  0.2 
suberinite  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
exsudatinite  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
silicate  1.6  0.4  14.9  8.4  1.4  1.2  1.4 
sulfide  0.0  0.2  1.2  1.2  0.0  0.0  0.4 
carbonate  0.0  0.0  0.0  0.0  0.4  0.2  0.0 
quartz  2.3  1.2  0.0  0.0  0.4  2.6  0.4 
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Table 2. Maceral volume percent data for the unetched series 3408-3418. 
 
 
 
 
Maceral Bench 3408 Bench 3409 Bench 3410 Bench 3411 Bench 3412 Bench 3413 Bench 3414 Bench 3415 Bench 3416 Bench 3417 Bench 3418
Telinite 24.4 11.2 13.1 0.2 8.6 12.1 7.1 0.0 24.3 13.7 26.5
Collotelinite 28.4 25.6 43.8 5.4 18.9 28.0 23.1 1.0 26.8 29.5 19.8
Vitrodetrinite 0.8 0.2 1.2 1.0 0.4 0.4 2.7 0.4 1.0 1.8 3.0
Collodetrinite 7.4 8.1 11.2 13.1 11.0 15.1 33.3 7.8 13.5 8.8 19.2
Corpogelinite 0.4 0.2 2.2 2.4 0.2 1.4 2.3 0.8 1.4 0.2 1.2
Gelinite 0.2 0.4 0.8 0.0 0.2 0.6 0.0 0.0 0.6 1.2 0.6
Fusinite 1.9 1.2 2.2 3.8 2.0 1.8 1.2 9.2 2.4 0.8 2.6
Semifusinite 9.0 4.0 3.6 12.7 3.4 3.6 2.5 9.6 4.4 3.8 1.4
micrinite 4.8 3.1 5.4 0.0 4.4 8.0 0.6 0.8 16.3 3.6 4.2
macrinite 12.8 27.7 4.4 10.7 39.6 13.7 8.1 14.8 0.6 23.5 7.6
secretinite 0.2 0.0 0.2 0.2 0.6 0.6 0.2 0.4 0.0 0.0 0.6
funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
inertodetrinite 2.5 1.9 3.6 16.3 2.6 3.2 4.0 21.4 4.4 1.6 2.0
sporinite 2.7 11.4 7.2 24.8 7.6 9.5 6.5 24.0 3.2 7.4 0.8
cutinite 0.0 0.2 0.0 0.0 0.0 0.0 1.2 0.0 0.2 0.6 0.4
resinite 0.0 0.2 0.0 0.4 0.0 1.0 0.0 0.0 0.0 0.2 0.0
alginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0
liptodetrinite 0.2 1.2 0.4 4.6 0.0 0.2 1.9 1.2 0.0 0.0 0.6
suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
silicate 0.2 0.8 0.4 3.6 0.4 0.8 1.5 7.6 0.6 0.0 0.4
sulfide 0.2 0.4 0.0 0.8 0.0 0.0 0.6 0.2 0.2 0.0 0.2
carbonate 0.0 0.0 0.0 0.2 0.0 0.0 0.0 1.0 0.0 0.0 0.0
quartz 4.0 2.3 0.4 0.0 0.2 0.0 3.3 0.0 1.2 3.4 9.0
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Table 3. Maceral volume percent data for the unetched series 3702-3712. 
 
 
Maceral Bench 3702 Bench 3703 Bench 3704 Bench 3705 Bench 3706 Bench 3707 Bench 3708 Bench 3709 Bench 3710 Bench 3711 Bench 3712
Telinite 8.3 3.4 13.3 0.0 4.6 5.5 7.7 7.2 8.2 6.7 11.1
Collotelinite 16.7 47.4 32.1 1.6 25.2 14.0 26.9 24.9 26.8 19.3 27.6
Vitrodetrinite 1.4 0.4 1.8 0.6 3.2 4.2 3.6 3.0 3.1 1.1 4.7
Collodetrinite 26.2 27.7 32.5 12.4 18.3 27.6 31.5 15.3 36.2 21.2 29.3
Corpogelinite 2.0 1.0 1.2 1.2 0.8 0.0 0.0 0.2 1.6 0.6 0.2
Gelinite 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Fusinite 2.4 1.2 1.6 12.7 3.6 3.2 1.8 2.4 1.8 1.9 1.9
Semifusinite 1.2 2.0 1.4 6.2 3.2 1.1 2.8 0.8 0.8 1.5 1.6
micrinite 3.0 0.2 0.2 0.0 5.4 0.4 5.7 1.4 3.9 2.3 1.4
macrinite 21.9 7.0 9.7 19.1 20.4 24.4 9.9 28.9 6.8 22.4 6.2
secretinite 0.6 0.2 0.0 0.8 0.2 0.0 0.0 0.4 0.0 0.8 0.0
funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
inertodetrinite 4.8 1.8 1.0 14.1 3.6 2.6 2.0 4.4 3.9 6.1 8.9
sporinite 9.9 2.6 1.2 26.5 8.1 2.3 6.3 3.4 4.3 7.8 1.7
cutinite 0.0 2.6 0.0 0.0 0.0 0.9 0.0 0.0 0.6 0.6 0.4
resinite 0.6 0.4 0.0 0.4 0.0 0.4 0.4 0.2 0.0 1.1 0.0
alginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
liptodetrinite 0.8 1.2 1.4 1.0 0.4 6.6 0.0 4.6 0.2 1.5 0.6
suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
silicate 0.0 0.4 1.2 3.0 2.8 1.7 0.6 3.0 1.6 0.6 1.9
sulfide 0.0 0.0 0.6 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.4
carbonate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
quartz 0.2 0.6 1.0 0.0 0.0 5.1 0.8 0.0 0.4 4.4 2.1
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Table 4. Maceral volume percent data for the unetched series 31055-31064. 
 
Maceral Bench 31055 Bench 31056 Bench 31057 Bench 31058 Bench 31059 Bench 31060 Bench 31061 Bench 31062 Bench 31063 Bench 31064
Telinite 0.4 8.7 3.0 0.6 0.8 16.0 2.0 9.3 14.8 13.1
Collotelinite 12.2 15.6 8.6 31.1 31.5 23.2 16.1 32.1 17.8 33.9
Vitrodetrinite 1.4 3.0 0.0 2.9 2.6 2.0 3.0 3.8 5.1 2.8
Collodetrinite 17.9 30.8 13.6 26.8 27.5 32.7 27.9 27.6 31.1 21.6
Corpogelinite 0.4 1.2 0.2 0.2 0.6 0.0 0.0 0.2 0.2 0.4
Gelinite 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fusinite 3.8 1.4 6.4 2.3 2.4 2.0 1.4 1.6 1.0 2.2
Semifusinite 3.8 0.4 5.0 2.5 3.4 0.4 5.0 0.2 2.7 3.8
micrinite 4.8 1.6 2.0 2.9 3.0 4.2 2.2 1.4 0.2 1.4
macrinite 26.9 20.3 11.0 15.8 8.8 10.1 23.9 11.3 18.8 12.5
secretinite 0.8 0.4 1.4 0.2 0.0 0.0 1.0 0.2 0.2 0.0
funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
inertodetrinite 11.0 7.1 24.4 5.0 8.4 2.6 8.6 3.4 2.1 2.8
sporinite 14.5 7.3 16.8 6.9 8.2 5.5 6.8 3.6 0.6 3.6
cutinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.2 0.4
resinite 0.4 0.2 1.4 0.0 0.4 0.0 0.2 0.2 0.2 0.0
alginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
liptodetrinite 0.4 0.4 3.4 0.6 0.6 0.0 0.4 3.0 1.8 1.0
suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
silicate 0.8 1.6 2.6 1.9 1.6 1.4 1.6 1.2 1.0 0.6
sulfide 0.2 0.0 0.4 0.2 0.2 0.0 0.0 0.2 0.2 0.0
carbonate 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
quartz 0.4 0.0 0.0 0.0 1.0 0.0 0.0 0.0 2.1 0.2
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Table 5. Maceral volume percent data for the etched series 3702-3712. 
 
 
 
 
 
 
 
 
 
Maceral Bench 3702  Bench 3703  Bench 3704  Bench 3705  Bench 3706  Bench 3707  Bench 3708  Bench 3709  Bench 3710  Bench 3711 Bench 3712
Telinite 35.5 38.2 34.2 4.0 37.2 44.1 49.5 58.3 44.3 45.7 39.8
Collotelinite 17.9 21.1 6.2 1.6 10.3 11.2 10.3 6.6 17.1 11.4 5.8
Vitrodetrinite 0.4 0.8 0.6 0.2 0.2 1.0 0.8 0.4 0.8 1.8 0.8
Collodetrinite 13.1 17.5 16.3 8.8 16.3 16.4 20.9 3.0 16.7 18.6 22.8
Corpogelinite 0.2 2.0 0.4 1.2 1.2 1.4 1.6 0.0 2.4 2.2 0.6
Gelinite 0.4 0.2 0.2 0.0 0.8 0.0 0.4 0.2 0.4 0.0 0.0
Fusinite 6.0 1.8 2.0 1.4 4.4 2.2 5.3 2.4 2.2 3.0 7.8
Semifusinite 7.4 1.8 10.3 10.6 8.9 10.2 5.9 2.2 4.3 8.2 9.0
micrinite 0.0 0.2 0.2 0.8 2.0 0.4 1.2 0.2 0.0 0.0 0.4
macrinite 17.5 11.3 25.6 58.1 16.7 11.4 3.0 26.4 10.4 7.4 11.8
secretinite 0.0 0.2 0.8 6.8 0.6 1.0 0.4 0.2 0.6 0.8 0.6
funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
inertodetrinite 1.6 1.4 3.2 6.4 1.4 0.6 0.8 0.2 0.8 1.0 0.4
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Table 6. Maceral volume percent data for the etched series 31055-31064. 
 
Maceral Bench 31055 Bench 31056 Bench 31057 Bench 31058 Bench 31059 Bench 31060 Bench 31061 Bench 31062 Bench 31063 Bench 31064
Telinite 0.4 8.7 3.0 0.6 0.8 16.0 2.0 9.3 14.8 13.1
Collotelinite 12.2 15.6 8.6 31.1 31.5 23.2 16.1 32.1 17.8 33.9
Vitrodetrinite 1.4 3.0 0.0 2.9 2.6 2.0 3.0 3.8 5.1 2.8
Collodetrinite 17.9 30.8 13.6 26.8 27.5 32.7 27.9 27.6 31.1 21.6
Corpogelinite 0.4 1.2 0.2 0.2 0.6 0.0 0.0 0.2 0.2 0.4
Gelinite 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fusinite 3.8 1.4 6.4 2.3 2.4 2.0 1.4 1.6 1.0 2.2
Semifusinite 3.8 0.4 5.0 2.5 3.4 0.4 5.0 0.2 2.7 3.8
micrinite 4.8 1.6 2.0 2.9 3.0 4.2 2.2 1.4 0.2 1.4
macrinite 26.9 20.3 11.0 15.8 8.8 10.1 23.9 11.3 18.8 12.5
secretinite 0.8 0.4 1.4 0.2 0.0 0.0 1.0 0.2 0.2 0.0
funginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
inertodetrinite 11.0 7.1 24.4 5.0 8.4 2.6 8.6 3.4 2.1 2.8
sporinite 14.5 7.3 16.8 6.9 8.2 5.5 6.8 3.6 0.6 3.6
cutinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.2 0.4
resinite 0.4 0.2 1.4 0.0 0.4 0.0 0.2 0.2 0.2 0.0
alginite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
liptodetrinite 0.4 0.4 3.4 0.6 0.6 0.0 0.4 3.0 1.8 1.0
suberinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
exsudatinite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
silicate 0.8 1.6 2.6 1.9 1.6 1.4 1.6 1.2 1.0 0.6
sulfide 0.2 0.0 0.4 0.2 0.2 0.0 0.0 0.2 0.2 0.0
carbonate 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
quartz 0.4 0.0 0.0 0.0 1.0 0.0 0.0 0.0 2.1 0.2
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